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Retarders 
eddy current 
hydraulic 
Reversing clutch 
Rivets, semitubular standards 
Roll grinding 
Roller chain lubrication 
Rubber 
butyl 
polyurethane 
silicone 


s 


Screw holding power of 
polyester laminates 
Screw machine parts, designing of 
Screws, tapping 
Seals, hydraulic 
Selection 
manufacturing processes 
tap-drill and tap 
Self balancing potentiometer 
Semiconductor power rectifiers 
Semitubular rivets, standards for 
Servo float densitometer 
Servo operation 
Servo valves, underlapped 
Sheet metal seams and joints G8, 
Shock absorption, torque converters 
Shock resistance, designing for 
Silicone rubber, properties and 
applications 
Simplified graphical integration 
Sleeve bearing alignment 
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Soldering 
stationary wave 
ultrasonic 
Solders, for electronic parts 
Solid film lubricants 
Spring clutches 
Springs, testing of 
Standards 
for surface irregularities 
semitubular rivets 
Static switching devices 
Stationary wave soldering 
Steel, stainless, working of 
Steels 
alloy 
carbon 
modified with boron 
static properties of high strength 
Surface irregularities, standards for 
Switching devices, characteristics of 
Switching, transistors vs relays 
Symbols, fluid power 


T 


Tables, thread engagement 
Tap-drill and tap selection 
Terminals 
electrical 
hermetically sealed 
Thermal expansion for 51 metals 
Thermostats for engine cooling 
Thick-walled cylinders 
Thread engagement tables 
Titanium 
arc welding of 
cold extrusion of 
Titanium-carbide cermets, high 
temperature applications 
Tolerances, realistic 
Tooling for titanium weldments 
Torque converters, transmission 
of power 
Trade names 
alloys 
plastics 
Transistors 
power 
switching 
Transmission comparisons 
True error rate, servo 
True mass flow meter 
Tube selection 
Tubing, flexible metal 
Turbine-type flowmeter 
Types of potentiometers 


U 


Ultrasonic soldering, brazing and 
welding 


Vv 

Vacuum metallurgy 
Valves 

hydraulic 

servo, unevenly underlapped 
Velocity feedback, servo 
Venturi-type flowmeter 
Vibration dampening, polyurethane 

rubber 
Vibration resistance, designing for 
Viscous acceleration, servo 


w 


Water lubricated bearings 
Wear, solid film lubricants 
Welding, ultrasonic 

Worm efficiency nomographs 





A 


Acceleration in harmonic motion 
Accelerometers 
self-generating 
strain gage 
Accessories 
engine 
Accumulators 
hydraulic 
types of 
Acme screw threads, nomogram 
Acrylic 
finishes 
plastics 
Adhesives 
bonded joints 
Air-cooled engines 
Air Force instruction, manuals 
Air-lubricated bearings 
Air motors 
AISI 
alloy steel compositions 
403 steel 
Alkyd resin finishes 
Aluminum 
allowable compressive strength 
alloys 
brazing 
casting 
designations 
forging 
paper-thin 
powder 
spot welding of 
welding 
as a material base 
butt joints, welded 
coatings 
cold welding of 
electroplates for 
forgings 
honeycomb 
magnesium-zinc alloys 
nickel alloy 
sheets, comparison with titanium 
spot-welded 
stud welding 
thermal conductivity 
welded by shielded arc 
American Standards 
plain washers 
small solid rivets 
Amplifiers 
large rotating 
magnetic 
power 
types of 
voltage 
Anacom analog computer 
Analog computing system 
Analysis of plain journal bearings 
Arc-castings, molybdenum 
Arc-welding 
aluminum alloy plates 
shielded-tungsten 
Area 
curved surfaces 
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differential meters 

Argon, radioisotopic 

Army instruction manuals 

Aspect of design 

ASTM system for specifying cellular 
rubber compounds 3 

Automated Production, engineering 
problems in 


Balancing pivoted parts subject to 
impact forces 
Ball bearing, load and life chart 
Ball detent clutch 
Bar slides, round, for machines 
Base pitches for involute spur gears 
Basic circuits, magnetic amplifiers 
Beams, steel 
Bearings 
air-lubricated 
axial thrust 
ball, lubrication 
ceramic 
effect of dirty oil on 
failures of sleeve 
failure mechanisms 
gteases for motor 
jewel 
journal 
load analysis with polar diagrams 
loads on geared shafts 
nylon parts for 
plastic 
retaining, design of 
roller 
load and life 
self-lubricated 
Belleville spring 
nomogram 
Bellows, metallic 
Belt drives 
mechanism for adjusting tension 
ten types of 
toothed (Timing ) 
Belts, rubber transmission 
Bending of 
preplated metal 
stainless steel 
Bend radii for magnesium alloy 
sheet 
Bismuth 
metal 
powdered 
Blanking, preplated metal 
Bolted joints, fatigue resistance 
Bolts 
increasing strength by area design 
circles, coordinates for holes 
titanium 
steel 
Bonded rubber to metal joints 
Bonding 
adhesive 5 G10, 
Boron steels B2 
Boundary Layer, hydrodynamic 
design J25 
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Brakes 
air-actuated 
electronic motor 
fluid coupling 
magnetic 
Braking, electrical 
Brass 
thermal conductivity 
tolerance for stampings 
Brazing 
alloys with lithium additions 
process and filler metal 
recommended temperatures 
service requirements for 
silver 
stainless steel 
tensile strength 
Break even charts 2 A25, 
Bridge circuits amplification 
Bridgman closure 
Bright nickel plating 
Brinell hardness of steel 
Bronze, powdered 
Brushes 
collector, copper-graphite 
d-c motors 
Buckling table for steel beams 
Butadiene-styrene plastics 
Butt welding 


Cc 


Cable-pulley systems 
Calculation of G loading 
Calculating area of curved surfaces 
Calculator 
card programmed 
drum 
number system 
large scale 
Calibration, photoelastic models 
Calipering, with differential 
transformer 
Cam and roller clutch 
Cam nomogram 
Cams 
constant torque power 
cycloidal 
Capacitor 
commutator tachometers 
tantalytic 
types of 
Capacity, theoretical of gear pumps 
and motors 
Carbon 
effect in ferrous alloys 
radioisotope 
steel castings 
steel 
stud welding process 
welded by shielded arc 
Carburizing 
steels 
Case hardenable boron steels 
Cast alloys, strength of 
Cast iron 
effect of carbon on 
gray 
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Prefix number before the section letter and 
page number indicates the annual Issue. For 
example: 4 F13 refers to the Product Design 
Handbook Issue for 1956, Section F, p 13; | 
129 refers to the Annual Handbook of Pro- 
duct Design for 1953, Section |, p 29. 
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Annual Handbook of Product Design 
for 1953 

Annual Handbook of Product Design 
for 1954 

Annual Handbook of Product Design 
for 1955 

Product Design Handbook Issue for 
1956 

Product Design Digest Issue 





malleable 
nodular 
porcelain enameling 
stress factors in pneumatic 
welded by shielded arc cylinders 
Castings functional 
comparison of methods supply 
carbon steel power control 
centrifugal printed 
design to reduce cost rectifiers 
die rotating amplifiers 
commercial tolerances speed switching 
gear transducer 
inserts in trigger 
investment 1 D6, 1 B16, Circular nomogram 
alloys Circumferential seals 
gear Clad steel, fabrication of 
high temperature alloy 
magnesium plaster mold 
precision 
alloys, high temperature 
gear 
tolerances 
product standard for die 
shell molded stainless steel 
Cathode ray tubes 2 114, 
Causes of bearing failures 
Causes of sleeve bearing failures 
Cellular rubber 
Cellulose adhesives 
Centrifugal compressors low emissivity 
Ceramel coatings, porcelain magnesium, HAE 
Ceramels metal 
metal-ceramic alloys neoprene 
powdered organic barrier 
Ceramics organic for metals 
industrial applications of . porcelain enamel 
mechanical parts of . refractory 
properties ot synthetic 
Cermets vacuum 
thermal shock d see also finishes 
titanium carbide 4 Cobalt 
Chain drive metal 
reducing pulsations in powdered 
selection Color coating for plastics 
Chains, elongation of Color matcher, tristimulus 
Chem-milling Combined bending and torsion of 
Chemical resistant plastics tubes 
Chlorine, radioisotopic Combustion chamber shape 
Chrome nickel alloys Commercial instruction manuals 
a Comparators, types of 
= Composite metals 
alumina : : - 
casting Compression springs 
high temperature Compressive strength, ceramics 
stainless steels Computers 
coating a-c and d-c analog 
electroplates for aluminum automatic ; a 
hard plated parts of components, differential 
metal mechanical and electronic 
plating : small 
effect on fatigue ; Computing 
solutions ,¢ service 
Circuits systems, analog 
accumulator, hydraulic j2 Condenser systems, measuring 
counting 130 device 
differential transformer 118 Conductivity, thermal 
electronic 1 H14, 2 13, 3 ‘ 110 AISI 403 
hydraulic é jis aluminum 


multiple pressure 
magnetic amplifier 
photoelectric 
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hydraulic motors 

Clutch 
design, expanding shoe friction 
mechanical types 
small for precise service 
aif-actuated 
fluid 1 E12, 
magnetic particle 1 E31, 1 H26, 
serrated 

Coatings 
fluorocarbon 
inorganic for metals 
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alloy 14S 
alloy: 24S 
alloy 35S 
brass 
Inconel X 
molybdenum disilicide 
N-155 (low C) alloy 
Nimonic 80 alloy 
Refractaloy 26 
8-816 alloy 
silver 
stainless steel 
x-40 alloy 
Connection, pressure type 
Constant torque power cams 
Construction, mold 
Control 
Circuits, magnetic amplifiers 
electronic design 
photoelectric 
pneumatic 5 J18, 
cylinders, double acting 
power 
remote, by flexible shafts 
residual stresses 
servomechanism 
timers 
Control devices 
differential transformers 
magnetic amplifiers 
switches, snap-action 
torque motors 
transducer circuits 
Control systems 
application of differential winch 
electromechanical 
Controllers 
contactor types 
d-c motors 
motor 
electronic 
pneumatic 
servo 
servo motor 
time 
cycle 
schedule 
Controlling heavy loads with 
amplifiers 
Coordinates for bolt holes 
Copper 
alloys 
paper-thin 
powder 
brazing 
welding 
Copper alloys, welding 
shielded arc 
stud 
Corrosion 
bearings 
resistant metals and alloys, 
directory of producers 
types and prevention 
protection of metals using 
organic barriers 
resistance 
aluminum, spot-welded 
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metal shapes and joints 
of electroplated aluminum 
Cost 
analysis 
chromium plating 
control of research 
design of casting to reduce 
for zero angle forging 
estimation 
instructions 
labor 
material 
motors and controls 
Couplings 
eddy current 
fluid 
fluid applications 
parallel shafts 
self-aligning 
shaft 
splined 
Crazing, plastic coating 
Creep properties 
ductile iron 
Nimonic 95 
Creep, reinforced plastics 
Critical speed of shaft 
end supported 
multiple span 
Cross section, V-belts 
Curve analysis 
Cutting stainless steel 
Cycloidal cam 
Cylinders 
hydraulic 
pneumatic 
stress charts for thick 


D 


D-c braking 
D-c controllers, types and uses 
D-c generators, NEMA standards 
D-c motors 
NEMA standards 
types and uses 
De Boer-process zirconium 
characteristics 
Deep drawing, stainless steel 
Deflection, rotating disk 
Delta gaskets 
Designations, aluminum alloys 
Detents, serrated 
Devices 
friction for intermittent motion 
liquid proportioning 
pneumatic 
Diagrams, pneumatic relays 
Die cast parts, ways to attach 
Die casting 
see Casting, die 
change-over design tips 
product standards for 
Dies, for zero angle forging 
Diesel engine 
design and performance 
performance improved by 
experimentation 
Differentials, gearless 
Differential transformer 
applications 1 116, 1 
Differentiation graphical 
Dimensional tolerances 
investment castings 
powder metal 
Dimensioning, true position 
Direct current motors 
Directory of trade names for corro- 
sion resistant metals and alloys 
Disks, rotating, deflection of 


129, 
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Displacement measuring transducers 3 


Down time limitation 
Drafting, simplified 
Drawing 
preplated metals 
magnesium sheet 


10 


notes for interchangeability 
Drawing vs spinning, unit costs 
Drives 

chains 

flexible shaft 

fluid coupling 

friction wheel 

Geneva 

hydraulic 

motor 

all electric 
mechanical 

servomechanism 

standards for V-belts 

synchronous motors 

ten types of belt 
Drop hammer forging, magnesium 

sheet 
Dual-metal centrifugal castings 
Ductile iron 
Dynamics of spring motion 
Dye testing method 


Effective report writing 
Elastomers 
neoprene 
organic barrier 
rubber, natural and synthetic 
silicone 
Electric 
braking 
heating elements 
switches 
symbols and standards 
Electrical and electronic 
components, packaged 
Electrochemical corrosion 
Electromechanical control systems 
Electromechanical position 
transducers 
Electron tubes, reliability 
Electronic 
circuits 
computers 
design check list 
devices, removing heat from 
standard symbols 
Electroplate 
chromium 
nickel 
Elongation, steel bolts 
Embedability rating of bearing 
material 
Enclosures, motor 
End play screw threads nomogram 
End supported shafts, critical speed 
Engines 
accessories 
air-cooled 
characteristics of 
combustion chamber shape 
comparison of 
component design 
Diesel 3 H20, 
matching to torque converter 
mounting 
supercharging of 
two-cycle 
Environmental conditions for 
component selection 
Epoxy plastics 
Equivalent moment of inertia 
Erosion, bearings 
Error measuring devices 
Errors, servomechanisms 
Estimating, cost 
Etching, preplated metals 
Ethyl cellulose plastics 
extrusion of 
foamed 
molded, properties of 
Examination of failed bearings 
Exon plastics 
Expanded rubber 
Extrusion, cermets 
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H32 
E18 
H16 
H2 
Hil 
H6 
E4 
H12 
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Fabrication 
cermets 
clad steel 
preplated metals 
stainless steel 
Face seals 
Factoring gear ratios 
Failures 
causes of sleeve bearing 
of sleeve bearings 
Fasteners 
patented locking 
proposed unified aircraft 
spring steel 
Fastening 
die cast parts 
sheet metal parts 
Fastening and joining methods 
brazing 
pressure connection 
riveting 
twisting 
welding 
Fatigue 
bearings 
characteristics of spring material 
properties 
bronze alloys 
strength of 
bolted joints 
chromium plating on 
flush riveted joints 
shotpeened gears 
spot-welded aluminum 
titanium and its alloys 
welded aluminum butt joints 
Feeders 
Felts 
Ferrous base metal composites 
Ferrous metals, paper-thin 
Fillers for 
brazing 
teflon 
Fillet clearance for end welded studs 
Filters 
porous 
system protection 
Filtration terms 
Finishes 
see also Coatings 
HAE, for magnesium 
inorganic, for metals 
organic, for metals 
synthetic 
Fixed core transducers 
Flame hardening 
Flanged joints, bolted 
Flat-wound tension springs 
Flexible shafts 
Flexure pivots 
Floating bushing seals 
Flowed-in gaskets 
Flow rate chart 
Fluid couplings 
Fluorocarbons 
Foam rubber 
Foamed plastics 
Force analysis for cams 
Forging 
aluminum alloy 
design of 
large 
cost 
design problems 
stainless steel 
temperature for steel 
tolerances 
zero draft angle 
Form rolling of external threads 
Forming 
magnesium sheet 
parts by rubber 
preplated metal 
Forms of corrosion 
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Fracture, interpretation of 
Frequency control, magnetic 

amplifier 
Friction 

analysis of cams 

damage of metals 

devices for intermittent rotary 

motion 

investigation with tracers 

reduction of 

values for plastic 

variable speed drives 

wheel drives 
Frictional characteristics of plastics 
Frozen mercury, castings by 
Fuel injection, Diesel engines 
Fundamentals of pneumatic control 
Fundamentals of selecting locknuts 
Furane plastics 


G 


G loading calculator 
Gaging, differential transformer 
Galling, titanium bolts 
Galvanic corrosion 
Gaskets 

cellular rubber 


high static pressure 
materials 
plastic 
for raised face flanges 
wave ring 
Gasketless lap joints 
Gearless differentials 
Gears 
casting methods 
design data from sample 
design problems, short cut to 
fiber cushioning, damping 
characteristics 
fine pitch spur 
involute spur 
manufacturing processes 
molded plastic 
nylon, working stress of 
planetary 
pumps and motors 
sheet metal 
shotpeened 
spiral, graphical solution 
splined 
tooth interference, avoiding 
train design 
type pumps 
Geneva drives 
Glass 
attaching metal to 
lubrication 
polyester premix 
Glass-fiber reinforced plastics 1 C2, 
Grade selection thermosetting plastic 
Graphical 
determination of stresses defining 
unstable conditions 
differentiation 
solution of spiral gear problems 
symbols for hydraulic circuits 
Greases for electric motors 
Gyration, radius of 


H 
Hardenability 


boron steels 

chromium stainless steels 
Hardness 

ceramic 

plastics, rigid 

testing, steel 
Harmonic motion, acceleration in 
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C13 
C20 
B31 
F13 


Heat 
hydraulic circuits 
removal from electronic devices 
Heat exchangers 
Heating elements, electric 
Helical springs 
steel 
tolerances 
under fluctuating loads 
uses 
Helical wire inserts 
High pressure seals, rotation shaft 
Holding power of press fits 
Honeycomb, aluminum 
Horsepower 
d-c motors 
V-belts 
Horsepower capacity 
rub 
timing belts 
Hot pressing, cermets 
Hydraulic 
fluids 
machines 
safety devices 
servo design 
standards, JIC 
torque convertors 
valve lifter design 
vs, pneumatic operation 
accumulator 
applications 
_ types 
circuits 
multiple pressure 
pressure surges in 
cylinders 
piston synchronization 
sequential operation of 
Hydrodynamic design 
Hydrogen, radioisotopic 


2 19, 


Immersion heaters 
Impact forces, balancing pivoted 
parts 
Impact resistance 
ethyl cellulose 
plastics 
Indicating, timers 
Indices for chemical resistant 
plastics 
Induction hardening 
Industrial electron tubes 
Inertia rotational, calculation of 
Injection molding of gears 
Inserts 
helical wire 
molded and cast parts 
plastic gears 
Inspection, nondestructive 
Instruction manuals 
Insulation 
electrical 
foamed plastic 
mica paper 
rigid plastic 
rubber 
thermal 
plastic 
properties of 
Interference, gear tooth 
Interlocks 
electric 
hydraulic 
Intermittent drive mechanisms 
Intermittent motion, friction devices 
Internal combustion engines 
comparison of 
supercharging of 
Interpretation of fracture patterns 
Interval timers 
Investment castings 
see Castings, investment 
alloys 
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Iodine, radioisotopic 
Iron 
see also Ferrous 
ductile 
malleable 
metal 
powder 
Irradiation effects on metals 
Isolators, selecting vibration 


J 


Jewel bearings 
JIC hydraulic standards 
JIC Standards .. 
Joints 
adhesive bonded 3 G2l, 
aluminum, spot-welded. 1 G18, 
bolted 
brazed 
corrosion-resistant design 
design for adhesive bonding 
flush riveted 
fatigue tests 
Static tests 
gaskets for high static pressure 
gasket material for 
latches 
metal, wire-stitched 
riveted, design of 
rubber-to-metal bonded 
silver-brazed nickel alloy 
Jominy Specimens, boron steel 
Journal bearing, analysis of 


K 


Kel-f plastic 
Kroll-process zirconium 
characteristics 


L 


Labyrinth seals 
Lacquers 
Laminates, plastic 
Laminated plastic, properties of 
Large rotating amplifiers 
Latches 
screw type 
Lead 
alloys, welding 
metal 
Lead-clad metals 
Lens ring gaskets 
Linear expansion, ceramics 
Linear programming 
Linear sine paper 
Linings, organic barrier 
Liquid devices, proportioning 
Liquid Flow meters 
Lithium, added to brazing alloys 
Load contacts, timers 
Locating end weld studs 
Locking devices, patented 
Locknuts, fundamentals of selecting 
Lubrication 
ball bearing 
hydraulic valve lifters 
measuring effect of 
roller bearing 
greases for electric motors 
Lubricants 
air, for bearings 
fluorocarbon 
silicone 
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Machinability, malleable iron 
Machine requirements, automation 
Machines, for thread rolling 
Machining 
designing parts for economical 
stainless steel 
Magnesium 
allowable compressive strength 
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5 114 
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alloys 
brazing 
high temperature 
nomenclature 
welding 
forming methods 
high temperature properties 
plaster mold castings 
sheets, comparison with titanium 
tolerance for stamping 
welding, shielded arc 
Magnetic 
amplifiers 
brakes 
particle clutches 
particle testing 
Magnets 
permanent applications of 
types of 
Maintenance of joints 
Makers, digital computers 
Manganese steel 
Manufacturers, hydraulic pump 
Mass inductance electrical analog 
Mastics, organic barrier 
Mechanical 
computers 
parts of 
ceramics 
filled Teflon 
nylon 
Teflon 
properties, 
Mechanisms 
adjusting bolt tension 
special purpose 
Mercury gland clutch 
Metals 
and alloys, applications of 
attaching glass to 
characteristics of 
chromium 
coatings 
cold extrusion of 
composite 
corrosion-protection of 
ductile iron 
finishes (see Finishes) 
irradiation effects on 
known types 
magnesium 
Nimonic 95 
paper-thin 
powdered onal a 
powder parts, hot pressing of 
preparation for porcelain 
enameling 
preplated 
radioisotopic 
refractory alloys 
roll forming of 
rubber forming of 
see also specific metals 
stainless steel 
thermenol 
titanium carbide 
wire stitching of 
Metal to metal bonding 
Metallic bellows 
Meters, liquid proportioning 
Methods, electrical braking 
Mica paper 
Milling by chemistry 
Miniature switches 
Molded parts, inserts in 
Molded plastic gears 
Molded plastic parts, 
design of 
Molybdenum 
alloys, high temperature 
disilicide, thermal conductivity 
powder 
Molybdenum and molybdenum 
base alloys, high temperature data 
Moment of inertia 
Moment, steel beam table of 
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Motion transducers 
Motors 
air 
characteristics of 
d-c 
electric 
alternating current 
cost 
direct current 1 H2, 1 H25, 
NEMA Standards 
polyphase 
servo 
small 
squirrel cage 
torque 
universal 
wound rotor 
controllers .. 1 H8, 
magnetic amplifier application 
drives, friction 
synchronous 
torque and temperature data 
Mounting for jewel bearings 
Movable-anode tube gages, 
surface roughness 
Movable core transducers 


1 H2, 


2 Hi3, 


N 


N-155 (low C) alloy, thermal 
conductivity 
Neidhart springs 
NEMA standards 
for d-c motors and generators 
integral hp motors 
torque motor 
Neoprene 
Nickel 
electroplate for aluminum 
metal 
paper-thin 
plating solutions 
welding, shielded arc 
alloys 
brazing 
silver-brazing 
welding 
Nickel plate, effect of surface 
shape on distribution 
Nimonic 
thermal conductivity 


95 
welded by shielded arc 
Nitriding 
Nitrile rubber 
N-mesh connection, gear trains 
Nodular cast iron 
Nomenclature, magnesium base 
alloys 
Nomogram 
Belleville spring design 
circular 
deflections, rotating disks 
end play of screw threads 
flat-wound tension springs 
flow rate 
helical springs, tolerance 
parabolic cams 
pressure vessel design 
relating hydraulic, pneumatic and 
electrical energy 
thermistors 
vibration 
weights of tubes 
Nondestructive testing 
Non-rubbing seals 
Nuclear reactors, types and uses 
Numerical machine tool control 
Nuts, patented locking 


Oo e 
Operations research 
Operation, hydraulic valve lifters 
Optimum area design for bolts 
Optimum clearance in pump and 
hydraulic motors 
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Organic barriers 

Organizing technical reports 

O-rings 3 

Overload relays for motor 
protection 

Overload relief clutch 


P 


Packaged electrical and 
electronic components 
Packings, plastic 
Paint, plastic coating 
Paper-thin metals 
Parabolic cam nomogram 
Parallel shafts, coupling of 
Patent law 
Patents 
Pawl and ratchet clutch 
Pearlitic malleable iron 
Permanent magnets 
application 
fundamental types 
Phenolic plastics 
Phenolic drying oil plastics 
Phosphorus, radioisotopic 
Photocell output amplification 
Photoelastic models, simplified 
calibration of 
Photoelectric controls 
Pigments, plastic coating 
Pipes, section moduli of 
Piston travel time chart 
Piston ring seal 
Pitch length, V-belts 
Pivoted parts, balancing of 
Pivots, flexure 
Planetary gears 
Plastics 
see also specific types and trade 
names 
color coating for 
designing with 
frictional characteristics of 
glass-fiber reinforced 
glass polyester premix 
indices for chemical resistant 
laminated thermosetting 
mechanical parts of 
molding 
properties of rigid 
reinforced, creep of 
selection of 
transparent 
Plating, chromium 
Pneumatic 
circuits for aircraft 
controller and devices 
controls, fundamentals of 
cylinders, double acting 
electric relays 
operators, basic principles 
power for control systems 
predicting pressure drop 
relay diagrams 
standards 
valve design 
Polar diagram for bearing load 
analysis 
Polyester glass premix 
Polyethylene plastics 
Polyphase motor 
Porcelain enamel coatings 
Porcelain enameline, design for 
Porous components 
Position transducers, 
electromechanical 
Positive displacement compressors 
Potentiometer, precision as 
voltage divider 
Powder metal processes 
Power amplifiers 
Power cams, constant torque 
Power components, servomechanism 
Power transformer design charts 
Powdered metals 
molding 
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D14 
112 
F16 
H20 
132 
B28 
D22 
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SS Se 1 D3 eee tat 6 cee 2 G6 Silicon, coating 4 C9 
Precision casting —_ solid, American Standard ..3 G12 Silicone 
see Casting, precision stainless steel . 4 D9 alkyd resins 2 Ci2 
Preplated metals ....... ..4 B28 Rockwell hardness of steel 1 B31 finishes 
Press fits, holding power of 5 G16 Roll formed tooth parts 4 D2 colored 2 C12 
Press, forging, capacity .... 2 D15 Roller bearings 1 F2 for metals rok G&S 
Pressure drop in pneumatic load and life chart ..3 E28 0 ee 2 C20 
equipment fe eo Roller and disk drive 3 E22 products 1 C33 
Pressure measurement Rosettes, strain gage 5 F19 rubber 1 C22 
differential transformer ..1 119, 1 130 Rotating amplifiers 3 ii9 Silver brazing of refractory metals. 4 G23 
transducer circuits . 1 10 Round fer’ ‘slides for machines 2 F8 Silver, thermal conductivity 3 BIS 
Pressure surges Rubber Simplified drafting 2 AlO 
hydraulic .. ' pe adhesives 1 G8 Simulators 3 A8& 
suppression of ....... FF ASTM specification system 3 Cl3 Sleeve bearing failures 5 E2, 3 F2 
Pressure transmitters ... i GZ belts ... ..3 E10 Sliding key clutch 3 E24 
Pressure type connections ..2 G35 finishes 1 C6 a casting cermets 4 B24 
Prevention of corrosion . . 5 C6 forming 4 D17 dering 
Printed circuits . 5 128 gaskets 1 F16 preplated metals 4 B28 
Problems, tools and cutting 4 A3 manufacturers of 2 C17 stainless steel 4 D10 
Production, automation cee AZ natural 1 C22, 2 C19 ultrasonic fluxless 4 G22 
Production, controlling design parts design 2 Fi2 Solid die forming of magnesium . 3 D5 
nges ...1 Al3 synthetic 1 C22 Special purpose mechanisms 3 F42 
Programming characteristics, springs 1 F22 Specification for corrosion resistance 5 C10 
small computers 5 A20 to-metal joints 3 G27 Speed governors, types of 2 H36 
Project planning, approach to 3 All Rubber-resin adhesives 1 G9 Speed reducers, shaft mounted 3 E7 
Projection welding 2 G23 Rubbing seals . 4 F44 Spinning 
Proportioning liquid devices 5 J2 magnesium sheet 3 D7 
Protecting motors from overload ..3 H3 stainless steel 4 D9 
Pulleys for Ss vs. drawing ..2 D34 
rubber belts 3 Ell Spiral gears 3 F12 
timing belts } ooep ae Safety control, two-hand air 2 19 Splined connections 1 E10 
Pumps, hydraulic Safety circuits Sponge rubber 3 Cll 
fluid for .... re electric 2 J1l9, 2 J21, 2 J22 Spot welding 2 G23 
manufacturers of . . 1 J6 hydraulic machine ne 2 jis aluminum 1 G18 
Pythagorean equations, evaluating 5 F22 Scoring, bearings 5 ES joints 1 G24 
Screw thread nomogram 5 G7 Springs — 
Screw thread system, unified 1 G2, 2 G3 Belleville 3 F29, 3 F30a 
Q Screw type latches 3 G24 compression 2 F24 
Sealing heads of vessels 3 J30 dynamics of motion 3 F21 
Quick disconnect coupling ino-a Seals fatigue of 4 F10 
ceramic 4 (C7 flat-wound tension 1 F114 
for mechanical components 5 F12 helical 1 F31, 2 F30 
R non-rubbing 4 F42 steel 5 F6 
rubbing 4 F44 under fluctuating load 5 F9 
Racks for spindles and sleeves ....4 E8 lubrication metal . 2 B26 
Radiographic testing .. . >,” design of 2 jl6 Properties of material 4 F38 
Radioisotopes . 4 A2l high pressure eS rectangular wire 3 F37 
ol eee 2 Al4 nylon 1 C31 rubber 1 F22 
ius of gyration 2 H29 rotating shaft 1 J30 steel fasteners 5 Gl4 
Radon radioisotopic ..2 Al7 Seaming, preplated metals 4 B28 working stresses of 4 F38 
Rare metals, composite 2 B27 _— Season cracking, control of 4 F8 Sprockets, sheet metal 2 Fi2 
Ratchets, sheet metal 2 E12 Section moduli of pipes, Squirrel cage motors 2 H10 
Reactors nuclear 5 Al2 tubes and shafts 5 F48 Stampings 
Rectification transformation 2 16 Seizure, bearings 5 E3 design of 2 D6 
Rectifier Selenium rectifiers 3 19 metal 1 E16 
Pe wh Bim? Self-aligning couplings 1 E31 Standardization 1 Als 
selenium 3 19 Self-generating accelerometers 1 126 pneumatic  . 
Reduction of bending and twisting Self-sealing couplings 5 jl2 Standards 
in machine elements 5 F36 Serrated clutches and detents 5 E12 carbon steel castings 4 F24 
Refractory Service factors, V-belts 5 E16 die castings 5 D24 
coatings 4 C10 Servo design, hydraulic 3 J26, 4 Jil electrical 2 2 
metals, silver brazed 4 G23 Servomechanism drives 1 H24 electronic symbols 4 112 
Regulators, temperature 3 F40 Setting, timers 5 114 magnesium 5 B23 
Relays Shaft mounted speed reducers 3 E7 multiple V-belts 5 E14 
bimetallic thermal 3 H8 Shafts NEMA 2 H8 
magnetic .. 3 HS, 3 H8 coupling of 1 E8 NEMA for d-c units 5 H10 
magnetic amplifiers 1 16 end supported, critical speeds 3 F28 small solid rivets 3 G12 
melting alloy type 3 HS flexible 1 E24 washers, plain 3 G15 
pneumatic 5 js hollow steel, strength-weight ratio 3 E19 Starch adhesives 1 G9 
pneumatic-electric 4 J20 rotating, lubrication seals 1 J30 Steel 
time delay 5 16 section moduli of 5 F48 AISI composition 4 F23 
Research and development speed measurement 1 E23 aluminum-clad 2 B26 
stockroom 5 A2l1 Sheaves, V-belts 5 E14 alloys 
Residual stresses Sheet and strip tolerance 2 D10 boron 1 B2 
control of 4 F6 Sheet iron for porcelain enameling. 3 C23 brazing 2 Gl2 
steel bar 5 F24 Sheet metal powder 2 B32 
Resin bend charts 1 D25 welding 2 G23 
silicone 1 C33 parts 2 E12 bar 
synthetic, base coating 1 C8 fastening of 4 G28 effect of residual stress 5 F24 
Resistance welding 2 G23 Shell molding 2 D26 WR? of 5 F42 
Reynolds number chart 5 J7 stainless steel 3 D22 beam tables 4 F35 
Ring grooves, axial thrust bearings 2 F20 Shifter design for sliding castings 2 D3 
Riveted joint design 2 G8 components 5 F32 clad 4 D22 
Riveting, preplated metals 4 B28 Shotpeening, gear 1 E28 cold extrusion of 2 D32 
Rivets Signal components, chromium-stainless 1 B30 
patented 5 G6a servomechanisms ........ 5 H21 extrusions using glass lubrication 5 D15 
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fabrication of clad 
430, use and fabrication 
friction and wear of 
manganese 
metal 
powdered 
preplated 
properties of 
annealed 
quenched 
sheet and strip tolerance 
springs, helical 
stainless-clad 
stainless sheets 
stainless 
shell molded 
thermal conductivity 
welded by shielded arc 
working of 
302 
welding of structural 
Stitching, wire, of metal 
Stockroom, research and 
development 
Strain Gage 
accelerometers 
rosettes 
transducer circuits 
Strength-weight ratios of hollow 
steel shafts 
Stresses, residual in steel 
Strip heaters 
Stud welding 
Styrenated alkyd resins 
Styrene-butadiene plastics 
Sulphur, radioisotopic 
Surface 
area of curved 
damage to metal 
endurance limit 
hardening processes 
roughness gaged with movable- 
anode tube 
shape, effect on distribution of 
nickel plate 
Swaged housing, axial thrust 
bearings 
Switches 
miniature 
precision snap-acting 
time 
Symbols 
electrical followings 
hydraulic 
Synchro measuring devices 
Synchro systems 
Synchronous motor drives 
Synthetic finishes 
System protection through filters 


T 


Tachometer, capacitor commutator 
Tantalytic capacitors 
Tapped holes, strength of 
Teflon plastic 
Temper designation magnesium 
Temperature 
effect on 
cast alloys 
coatings 
gaskets 
magnesium 
Nimonic 95 
packings 
spring materials 
limits for plastics 
measurement 
thermocouples 
transducers 
regulators 
Temperatures for forming 
magnesium 
Tension devices for belt drives 
Testing 
nondestructive 
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programs 
Thermal shock, cermets 
Thermenol 
Thermistor nomograph 
Thermocouple 
materials 
output amplification 
temperature measurement 
Thermoplastic adhesives 
resin 
Thermosetting adhesives 
resin 
Thermostat metal 
Thick cylinder stress charts 
Threads 
design of chased 
rolled form 
screw, unified standards 
Time chart, piston travel 
Time constants 
magnetic amplifiers 
servomechanism drives 
Time delay relays 
Time switches 
Timer components and 
characteristics 
Timing belts 
Tin 
metal 
powdered 
Titanium 
alloys 
weldability of 
bolts and fasteners 
carbide 
high temperature 
welded by shielded arc 
Toggle linkages 
Tolerance 
cellular rubber products 
conversion chart 
die castings 
specifications 
Tooth forming 
Torque 
bolts 
convertors 
hydraulic 
selecting and engine to match 
motors, as control devices 
Torsion and bending of tubes 
Torsional vibration analog 
Tracers, radioactive 
Transducers 
accelerometers 
strain gage 
circuits for control applications 
differential transformer 
displacement measuring 
motion 
position, electromechanical 
pressure transmission 
wheatstone bridge 
Transformers 
differential 
Transistors 
future of 
Transistorized equipment, 
switches for 
Transparent plastic part design 
Treatment 
felt 
powder metal 
Tristimulus color matcher 
Tubes for inspection and control 
Tubes 
reliable electron 
section moduli of 
Tungsten metal 
Turbine pump, design and 
application 
Twist-locking part design 
Testing, machine structural 
elements 
Two-cycle engines, design and 
performance 
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E31 
E4 
H3 
F49 
AS 
Al0 


129 
122 
129 
L16 
15 

126 
14 

122 


I15 


I17 
118 
12 
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C26 
D15 
132 
126 
H14 
F48 
B21 


J16 
G10 


F36 
H10 
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Ultrasonic fluxless soldering 
Ultrasonic testing methods 

Unified screw thread system 1 G2, 
Universal joints 

Universal motors 


Vv 


Vacuum tube, future of 
Vacuum tubes, diode and triode 
Vacuum system design 
Valves and seals, design of 
Vanadium metal 
Variable speed drives 
friction 
mechanical and electrical 
V-Belts, standards for 
Vessel design 
nomogram for 
comparison of theories 
Vibration 
eccentric centers of gravity 
glass fiber cushioning, damping 
characteristics 
isolators, selecting 
nomogram 
torsional 
turbine blades 
Vinylidene chloride plastics 
Vinyl plastics 
Vinyl resins 
Viscosity 
conversion chart 
hydraulic fluids 
Voltage 
amplifiers 
analysis methods 
Volumetric devices, proportioning 


2 110, 


Ww 


Washers, American Standards 
Wave ring gaskets 
Ways to attach die cast parts 
Weight of tubes, nomograph 
Welded joints, aluminum 

fatigue strength of 
Welding 

arc, shielded tungsten 

cold, aluminum 

430 stainless steel 

molybdenum 

preplated metals 

recommended process for 

resistance 

spot 

aluminum 
joints 

of stainless steel 

stainless steel 

stud 

of titanium alloy 
Winches, differential for control 
Wiping, bearings 
Wire stitching of metals 
Wiring design 
Worms, sheet metal 
Wound rotor motor 
WR2 of round steel bars 
Wrapped spring clutch 
Wrought alloys 


y A 


Zinc alloys 
magnesium-zinc 
welding 

Zirconium 
alloys 
carbide 
machining 
metal 
working of 
temperature effect on 
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INDEX OF PRODUCTS 
ADVERTISED 





This index is designed to facilitate your ready reference not all, due to the fact some advertisements describe a 
to all advertising in this issue for a specific type of mate- number of different products offered by the same manu- 
rial, component, part, or finish in which you are particu- facturer. You will find most of this multiple-product 
larly interested. Most advertising for a specific product will advertising between pages 24 and 36. 

be found in its appropriate Design Digest section . . . but 











Brushes, Electrical C44, 136-37, IS1 Contactors 171 
Bushings F64, F70 Contacts & Contact Materials C44, 
Accelerometers A35__ Bushings, Strain Relief , 170 F75, 136-37, 179, 186 
Accoustical Sheet B48 Controllers 180 
Accumulators J53—J56 Control Motors H48 
Actuators Cc Control Panels & Switchboards 125 
Electrical 169 128, 180 
Mechanical E47, E56, E87 Cameras (see Photographic Controls 
Pneumatic 47 Equipment) Electrical E57, 125—128, 157, 166, 
Adhesives C40-41, E34, G48 Cam Fasteners G36-37, G42-43 169, 171, 173, 180, 184, 189 
Air Motors (see Motors, Air) G59, G63 Electronic . .125—128, 131—134, 157, 
Aluminum Alloys 30-31, B39, B42 Cams_ B48, E64, F60, F76 169 
Aluminum Coated Sheet and Strip Capacitors 183 Feedwater 184 
(see Steel, Coated) Carbide Alloys B38, 163 Hydraulic 334, J41, 343, 376 
Amplifiers A35, 145 Carbon C44 Mechanical E36-37, E77, F62, F64 
Annealing 33 Carbon Parts C44 F70, HS54 
Assemblies & Fittings, Wire Rope. .F73 Casters F56, G58 Pneumatic 334, 341, 343, 347, 374 
Assemblies Castings . D22-23, D27, D28, D35,D38 Converters H40 
Electrical H54, 136-37, 186 Castings, Precision Investment . Conveyor Belts E36-37, FS58 
Hydraulic 376 D35, D38 ~=Cooling Units 157 
Structural 33, B44, D30, D37 Catalog Services 24 Copper & Copper Alloys B42, B46, 163 
Axle Housing E70-71 Ceramics C36-37, 187 Cords 124, 168 
Axles E70-71 Chains Cords, Retractile 176 
Bead E78 Cores 138-39, 187 
Conveyor E36-37, F66 Cork Compositions E45, F64 
B Roller E29, E33, E34, E36-37, Counters F64, H48, HS54 
. ‘ E60, E83 Couplings (see Connectors, 
Ball Joints (See Joints) Silent E29, E33, E34, E36-37 Electrical) 
Ball Screws E47, E56, E87 = Chassis 192 Couplings 
Ball Splines E47, E56, E87 Chemical Treatments . C47, C49, C57 Electrical ES7 
Bars Chemicals C49, C57 Hose J45, 347, 350, 368, 369, 371, 
Metal B39, B50, BSS Chimneys, Oil-Burner B48 376, 378, 379 
Non-Metallic C42, C43 Chokes 183 Sivdranlic E29, E34, E36-37, 
Battery Chargers H44 Chromium Alloys B37, 163 j £46, E50 
Bearing Materials ._ B41, C52, F70, F74 Chuck Jaws F76 Mechanical E36-37, E48, E83 
Bearings Circuit Breakers 189 Rotating 347. 350, 371. J79 
Ball E36-37, E83, F48, F53, F65 Clad Metals B53, 179 Tube 350. J68. 369. J71. 378. 379 
Hanger F70 Clamps F76, G60, J47, 369, J78 Cupro-Nickel Alloys B46, 163 
Jewel F74, F77 Clamps, Fixture D40 = Cylinders . 
Miniature .. .F59, F61, F65, F70, F74 Clamps, Hose J72 “Hydraulic __ 330-31, 334, 339, 341, 343 
Oil-less E83, F62, F70 Clamps, Toggle D40 ; J44, J53—J56, 360, 362, 376 
Roller... E36-37, F53, F57 Cleaners, Metal C38, C49 Perforated B48 
Self-Lubricating C44, E36-37, Clips G60 Pneumatic 330-31, 334, 339, 341, 343 
F62, F70 Clips, Electrical 183 344, J47, J53—J56, 360, 362, J78 
Sleeve E36-37, F70 Closures 32, 141, 149 : oe : , ; 
Bellows F49—F52 Clutches 
Bellows Assemblies F49—F52 Electrical E38-39, E75, E86 
Belts Hydraulic £46, B63 o 
Adjustable V E54 Indexing & Feeding E34, E48, ; 
Chain E36-37 E58. E63 Deep Drawing 30-31, 33, D30 
Link V E54 Mechanical . E30, E31, E32, E36-37, Dials .. A38, F62, F68, 147, 162, 164 
Timing E33, E36-37, E49, E59 E41, E46, E48, E58, E62, E63,E75 Diaphragms J42 
Vv E35, E36-37, E53, E54 Pneumatic E29, E34, E46, E63 Die Castings D27, D32, D42 
Bi-Metal B54, 179 Coatings _ C40-41, C49, C54, C57, C58, Differentials E91 
Blinds F80 J63 Diodes 154 
H38, H43, H53 = Coils 175, 183, 184 Discs, Clutch & Brake E34, E75 
: G38-39, G44-45, G46, G58, Coil Windings 184 Drafting 
G61, G66, G70, G71, G72, G74, G75___ Collars E36-37 Instruments A39—A42 
Boosters J53—J56, 364 Collector Rings 136-37, IS! Machines A39—A42 
Brakes Commutators 136-37, 151 Supplies A37, A39—A42 
Hydraulic E63 Compressors 340 ~=—dDrriives 
Magnetic HS52 Computers 145 Adjustable Speed E57, H45, H48, 
Mechanical E63 Conduit J57 125—128 
Pneumatic E63 Conduit Fittings 189 Hydraulic E36-37, E42, E46 
Brass B42, B46 Connectors Right-Angle E28, E29, E31, E34, 
Brazing Electrical 141, 155, 191, 192 E36-37, E41, E76, E78, E81 
Alloys G69 Hose J45, 347, 350, 357, 366, J68 Shaft-Mounted E28, E36-37, E41, 
Bronze B41, B46 371, 376, 379 E78 
Brush Holders C44, 136-37, I51 Tube J50, J57, 368, 371, 376, 379 Timing E33, E36-37, 169 


Product Engineering — Mid-October, 1957 15 





Variable Speed E28, E36-37, E57 
E76, E80, E83, E88, E89, 145 
Dynamometers H40 


Electrical & Electronic Components, 
Custom Made (see also 
Production Services) F64, H54, 130 
136-37, 173, 183 
Electrical Equipment, Explosion 
Proof & Dust-Tight 189 
Electrochemical Finishes & 
Treatments A38 
Engine Components (Piston 
Rings, etc.) C44 
Engineering Services (see also 
Production Services) . A37, B39, C47, 
C52, C60, D42, E65, Gél 
H28-29, H30-31, H41, H44, 
H47, H49 
Expanded Metals B45 
Extrusions 
Metallic 
Non-Metallic 


Engines 


B39, B50, D31 
C40-41, C56 


F 


Fabricated Plastics (see 
Plastics, Fabricated) 
Fabricated Steel (see Plate, 
Fabricated, Sheet Fabricated, 
Structural Forms & Shapes, 
See Weldments) 
Fabrics E35 
Fabrics, Coated C40-41, F64 
Facings, Clutch E45, F70 
Fans & Blowers 135 
Fastening Methods G36-37, G38-39, 
G42-43, G44-45, G56, G59, G60, G63, 
G66, G67 
Felt C48, C58 
Fibre C43, C47, F64 
Filters 
Alr A36, F76, 336, J47, J61 
Hydraulic J36, J61, J65 
Finishing Equipment & 
Supplies C57 
Finishing, Protective . C49, C54, C57 
C58 
Fire Detection Units 131—134 
Fittings, Hose, Pipe & 
Tube G50, J47, 350, J60, J68, 
J71, 376, 379 
Fixture Clamps (see Clamps, 
Fixture) 
Flexible Couplings 35, 36, E28, E29, 
E34, E36-37, E41, E62, 
E66-67, E74, E77, E83, E84, 
J69, 378 
Flexible Shafts E40, E82, E90 
Flow Regulators J61, 374, J75 
Flux G69 
Forgings B41, B55, D28 
Forming, Lubricants C38 
Friction Materials E45, F64, F70 
Furniture, Engineering Dept. 
A39—A42 
Fuse Holders 192 


G 


Galvanometers 156 

Gaskets C48, F64, J49, J80 

Gauges F71 

Gear Boxes E31, E88 
Gear Motors (see also Motor 

Reducers) E28, E36-37, E41, E52, 

E78, H32-33, H40, 

H42, H43, H46, H48, H54, 

169 


Gears 35, B48, E28, E29, E31, E34, 
E36-37, E41, ES1, E55, E60, 
E70-71, E72-73, E74, E78, 
E81, E83, E85, E91, E92, 
E93, E94, F64, HS54 


Generators 
A-C H40, H44, HS50, H54 
D-C H40, H44, H50, H54, 125—128 
H40, HS0, H54 
B52 


High Frequency 
Gola Alloys 


Grilles B44, B48, BS2 


H 


Handles & Knobs 25—28, C60, F56, 
F62, F74, F76, G58, 183 

Hard Surfacing .> en 
Headers 141 
Heat Exchangers B44 
Heating Units 156, 158, 184, 190 
Hermetic Seals 141, 155 
High Temperature Alloys .._B32-33, BS2, 
163 

Hinges G58 
Hose & Tubing . .J45, J5S7, 368 
Hydraulic Fluids J63 


Indexing Mechanisms E64 
Instruments 

Electrical F71, 182 

Mechanical F64, F71, H54 

Insulation C43, C47, C52, 163, 174, 

181 

Insulators C44, F64, F80 


Jewels F74, F80 

Joints 
Ball E43, J79 
Expansion J49 
Revolving J35, J79 
Swing J35, 379 
Swivel J35, 376, 379 
Universal E29, E34, E79, E83, 
170, J69, J78 


K 
Keys F76, G61, 146 


L 


Lamp Holders 186 
Laminated Plastics (see 
Plastics, Laminated) 
Latches 25-28, G36-37, G42—43, 
G59 
Leather F64 
Liquid Level Controls 180 
Locks 25—28 
Locknuts G56 
Louvers B44, B48, 162 
Low Temperature Melting Alloys. B44 
Lubricants C56 
Lubricating Equipment F67, F71 


M 


Magnesium Alloys B37 
Magnetic Materials B38, 138-39, 164 
Magnets 138-39, 164 
Manganese Alloys D30, 163 
Markers, Wire & Insulation 164 
Metal Bonded to Wood D42 
Metal Forming 30-31, 33, D30, D36 
Meters 

Electrical 150 
Mica, Glass-bonded C36—37 
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Moldings 

Glass (see Glass Parts) 

Plastics (see Plastic Parts) 

Powdered Metal (see Powdered 

Metal Parts) 

Rubber (see Rubber Parts) 
Molybdenum Alloys B37 
Motor Reducers (see also Gear 

Motors) E28, E36-37, E41, E83, 

H43, H46, H48 

Motor Starters I25—128, 180, 189 
Motors, A-C 
Fractional H32-33, H39, H40, H42, 
H43, H46, H48, H50, 
HS51, HS3 

H36-37, H39, H40, H45, 
HS50, HS51, 125—1I28 
Sub-Fractional H32-33, H38, H43, 
H46, H48, H53, 148, 169 

Motors, Air 340, J64 
Motors, D-C 
Fractional 


Integral 


, H40, H42, 

H43, H48, H50, HS51 
H39, H40, H50, HS1, 
125—128 

H38, H43, 

H48, 169 


Integral 
Sub-Fractional 


Motors, High Frequency 
Fractional H40, H54 
Integral H40, H54 
Sub-Fractional 169 
Motors, Hydraulic 338, 348, J73 
Mountings FS5 


Name Plates A38, F68 
Nickel Alloys B46, 163 
Nickel Silver B46 
Nuts . G44-45, G47, G52-53, G56, G58, 
G61, G63, G66, G72, G73, G74, 

G75 


.¢] 


P 
Packings F64, J42, J46, J49, J59, 


Paints 
Panels A38, 
Paper C43, C47, 
Perforated Metals B44, B48, 
Permanent Magnets 
Phosphor Bronze 
Photographic Equipment 

Paper 
Piercing 
Pillow Blocks 
Pilot Lights 
Pinions 


E36-37, E83, 

166, 186, 189, 
B48, E29, E34, E36-37, E41, 
E70-71, E85, E91 
Pins G44-45, G52-53, G61, G62, G74, 
146 
Pipe B50 
Piping J68 
Plastic Film C51 
Plastic Impregnated Materials C55 
Plastic Parts C42, C43, C50, C52, C54, 
C56, C60, F56, F64, J49 
C32-33, C36-37, C51, C52, 
C53, C59, C60, J63 
C42, C43, C50, 
C52, C55, F64 
Plastics, Laminated C42, C43, C46, C52, 
C55, F64 
Plastics, Perforated B44 
Plated Metals B52 
Plate Fabricated D26, D30 


Plastics 


Plastics, Fabricated 
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ADVERTISED . . . continued 


Plates 
Plates, Clutch E75 
Platinum Alloys BS2 
Plug-In Units 192 
Plugs 183, 189, 192 
Potentiometers 148, 150 
Powdered Metal Parts B48 
Power Units H28-29, H41 
Power Packs 
Electrical & Electronic 145, 157 
Hydraulic J34 
Power Take-offs E32, E34, E36-37, 
E46, E70-71 
Precious Metal Alloys 163 
Pressure Switches J64, 374 
Pressurization Units 157 
Printed Circuits 172 
Production Machines & Processes D31 
Production Services (see also 
Engineering Services) 30-31, 33, 
B44, D30, D31, Gél 
Motor 189 
Pulley Clutches E36-37 
Pulleys E36-37, E80, E84 
Pump Controls 184 
Pumps 
Air J40, 364, J70 
Liquid ._ E34, 157, J37, 338, J48, J52, 
J58, J67, 370, 373, 376, J80 
35, 340, J58, 364, 367, 370, 
J73 
J40, 364, 370 
D39 


B55, D30 


Protective Devices, 


Rotary 


Vacuum 
Punches & Dies 


Racks ESS, E83 
Ratchets E48 
Rectifiers 32, H54, 140, 154 
Regulators 
Pneumatic 41, J47, 362, 374 
Relays 130, 144, 147, 159, 166, I71, 180, 
182, 184, 188, 190 
Reproduction Equipment . _A33, A39— 
A42 
Reproduction Supplies A37, A39—A42 
Resins C34-35, C53, E34 
Resistors 143, 144, 177 
Retaining Rings G57 
Rheostats 144, 
Rigidized Perforated Metal B48 
Rings & Loops B55, D28 
Rivets G36-37, G44-45, G46, G54, G55, 
G64, G66, G67, G68, G71, 
G72 
Rod Ends F76 
Rods 
Metallic 
Non-Metallic 
Rotors H39, HS51 
Rubber C40-41, C45, C48, C50, F64 
Rubber-Bonded-to-Metal C60 
Rubber Parts C40-41, C48, C50, C60, 
F64 
C58 


F62, 


B39, 


3 B41, BSO 
C43, C52, 


C54, C56 


Rust Proofing C48, C49, C57, 


Ss 


Screens B44, B48, B52, F76 
Screw Fasteners G36-37, G38-39, G40-41, 
G44-45, G49, G54, G58, 

G60, G61, G63, G66 

Screws G38-39, G40-41, G44-45, G49, 
G54, G58, G6l, G63, G65, 

G70, G71, G72, G74, G75 

Screws, Socket i G38-39, G51 
Screw Thread Inserts . _G38-39, G52-53, 
G62, G64, G74 

Sealants C40-41, C58, G48 
Seals 29, C44, C48, F63, F64, F70, F72, 
141, 187, J42, J46, 349, J53— 

J56, J59, 166, J70 
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Semiconductors 154 
Servo Controls F64, H54 
Servomechanism Components F64, H48, 
H54 
Shapes & Shells Deep Drawn D30, D36 
Shapes, Rolled Formed B39, D34 
Sheaves E84 
Sheet Fabricated 30-31, D26, D30 
Sheets 
Metal 
Plastic 
Rubber 
Shims 
Silicone Rubber C39, 


B55, D30 
CS, CSi, Coe 
C50 
F64 
F64, 
J49 
Silicones C39 
Silver Alloys 163 


C42, 


C48, CSO, 


Sleeves & Tubing, Electrical 170 
Slides F79 
Sockets 192 
Sockets, Tube 192 
Solenoids _.153, 166, 171, 175, 180, 190 
Sound Baffles B48 
Spacers C44 
Special Alloys 179 
Special Shapes & Sections 30-31, B48, 
B50, D28, D31, D36 
Specialty Metals .._ B36, B37, B40, B47 
Specialty Fasteners (Pipe 
Hangers, Special Cold Headed 
Parts, etc.) 25—28, G36-37, G42-43, 
G44-45, G46, G54, G60, G61, G63, 
G64, G65, G66, G67, G72, G74, G75 
Speed Reducers E28, E31, E34, E36-37, 
E41, E52, E68-69, E72-73, E74, 
E76, E78, E81, E83, E88, E94, F64, HS4 
Spinning 33, D36 
Splines E55, E91 
Springs F54, F56, F69, F75, F78 
Sprockets B48, E34, E36-37, E60, E74, 
E78, E83 
D32, D42, E34, 
F54, F69, G63 
H39, HS1 


Stampings 30-31, 33, 


Stators 
Steel 
Alloy B34-35, B36, B37, B40, B51, 163 
Carbon B36, B40 
Electrical B38, BSO 
Stainless BS1, BS5 
Tool B38 
Strainers F80, J62 
Strip, Metallic B46, BSI, F69 
Strip, Plastic C43, C54, C56 
Structural Forms & Shapes _ B50, D26, 
D31, D37 
F76, G63, G64, G66, G71, 
G72-73, G74 
Subcontracting Services D30 
Sub Miniature Pilot Lights 166 
Switches . I29, 162, 166, 171, 173, 176, 
178, 188, 189, 192 
Swivel Joints (see Joints) 
Systems, Aerial Electric 


B38, B47, 


Studs 


H48 


T 


Tables, Dial-Feed J78 
Tags 164 
Tapes C52 
Tapes, Insulating (see also 

Insulation) 183 
Terminals & Terminal Boards G47, I41, 

143, 155, 167, 180, 183, 187, 192 

Test Jacks 192 
Testing Machines & Equipment A35 
Thermistors 131—134 
Thermocouples 36 
Thermostats 131—134, I61, 
Thread Grinding 
Timers H48, 152, 
Timing Devices 


159, 169, 


1957 


H32-33, H34-35, H48, 
152, 169 

Tin B49 
Titanium D30 
Torque Converters E29, E34, E42, E46, 
E70-71 
A32, A34 
A37, A43 


Timing Motors 


Tracing Cloth 
Tracing Paper 
Transducers A35 
Transformers 142, 143, 175 
Transistors 145 
Transmissions E28, E29, E31, E34, E36- 
37, E44, E70-71, E76, E88 
Tube Components F80 
Tube Fabricating B44, B50, B55, D239, 
D33 
Tube Supports F80 
Tubing 
Flexible Metal J57 
Plastic C43, C52, C54, C56 
Rubber C40-41 
Seamless B43, B44, BSO 
Welded B43, D29, D33 
Tungsten Carbide B38 
Turnbuckles G71 


U 


Universal Joints (see Joints) 


Vv 


Valve Controls, Motorized E28, J33, 


Valves 
Air J30-31, J33, 334, J41, 343, 
J47, 351, 362, 374, 
Ball 
Control J30-31, 333, J41, 343, 
J47, 351, J61, 362, 364, 367, 
374, 378 
Hydraulic E34, J33, 334, J38, 
J43, 344, 351, J61, 364, 367, 
376 
Liquid Flow C44, J33, J41, 343, J75, 
177 
E28, 333 
, J44, 
, 366, 
, 376 


Motorized 
Solenoid I71, 330-31, 
J47, 348, JS51, 


J33, 
J6l, 


Vibration Dampers 
Mechanical 

Vibration Mountings 

Vibratory Equipment 


FSS 
FSS 
A35 


w 


Washers F69, G44-45, G47, G56, G72, 
J80 

Washers (see Packings) 
Water Repellents 
Wear Materials 
Wear Plates 
Welding 

Equipment 

Nuts 

Supplies 
Weldments 30-31, 33, 


C39, C49, C58 
B32-33 
F74, F80 


D24-25, G72-73 
G44-45, G58 
G72-73 

D30, Ds, 

D37 

D28, F56, F62, F70, F76 

F80 

B53, F66, 163 

124, 165, 174, 176 
B53, F58, F66, F76 
F73 
189, 192 


D26, 


Wheels 
Windows, Infra-Red 
Wire 

Wire & Cable 
Wire Cloth 

Wire Rope 

Wiring Devices 167, 170, 


Zz 


Zinc Coated Sheets 
Zinc Coated Strip 





ALPHABETICAL INDEX TO ADVERTISERS 


A 
AMP Inc. 
Abart Gear & Machine Co. 
Abrams Instrument Corp. 
Accurate Spring Mfg. Co. 
Ackerman Engravers 
Acme Chain Corp 
Advance Gear & Machine Corp 
Aeroquip Corp. 
Aero Research Instrument Co., Inc 
Agastat Div., Elastic Stop Nut 
Corp. of America 
Air-Marine Motors, Inc. 
Airmatic Valve, Inc. 
Ajax Flexible Coupling Co, 
Alden Products Co. 
Allegheny Ludlum Steel Corp 
Allen Co., A 
Allied Products Corp., Richard 
Bros. Punch Div. 
Allied Research Products, Inc 
Allied Wheel Products, Inc. 
Allis Co., Louis 
American Blower Corp 
American Manganese Steel Div., 
American Brake Shoe Co. 
American Metal Hose Branch, 
American Brass Co 
American Steel & Wire Div., 
U. S. Steel Corp. 
Anchor Coupling Co. Inc. 
Anchor Plastics Co., Inc 
Angier Adhesives Div., 
Interchemical Corp. 
Arens Controls, Inc. F70 
Arkwright Finishing Co. A32 
Armstrong Cork Co. E45 
Arnold Engineering Co 138-39 
Associated Spring Corp F69 
Atkomatic Valve Co., Inc J76 
Atlantic Casting & Engineering 
Corp. D38 
Auburn Mfg. Co. E64 
Auburn Plastics, Inc C54 
Austenal Inc., Microcast Div D35 
Automatic Electric Sales Corp 147 
Automatic Switch Co. 171, 343 
Automatic Valve Co. J66 
Avon Tube Div., Higbie Mfg. Co. D33 


B 
B/W Controller Corp 
Babcock & Wilcox Co., 

Tubular Prod. Div. 
Bakelite Co. 

Balcrank, Inc 
Baldwin-Lima-Hamilton Corp., 

Standard Steel Works Div D28 
Barber-Colman Co H46 
Barco Mfg. Co. J79 
Baush Machine Tool Co ES! 
Bead Chain Mfg. Co. E78 
Beartum Metals Corp. F74 
Beaver Precision Products Inc E56 
Belden Mfg. Co. 124 
Bird Co., Inc., Richard H F77 
Blood Brothers Machine Div.., 

Rockwell Spring & Axle Co E79 
Bodine Electric Co H32-33 
Bond Co., Inc., Charles E74 
Boots Aircraft Nut Corp. G62 
Borg Corp., George W., 

Borg Equipment Div 148 
Borg & Beck Div., Borg 

Warner Corp E30 
Borg-Warner Corp E29-E34 
Boston Gear Works E83 
Bowmar Instrument Corp F64,H54 
Bridgeport Thermostat Div.., 

Robertshaw-Fulton Controls 

Co F49-F52 
Brooks & Perkins, Inc. D30 
Bruning Co., Inc., Chas. A39-A42 


Cc 


( I M. Co G62 


18 


-Thru Ruler Co. 

ambridge Thermionic Corp. 183 
ambridge Wire Cloth Co. F58 
amloc Fastener Corp. 

arlson, Inc., G. O. B55 
arter Controls, Inc. J34 
artriseal Corp. 

elanese Corp. of American, 

Chemical Div. J63 
entral Foundry Div. 

General Motors Corp D22-23 
erro de Pasco Corp. B44 
essna Aircraft Co., 

Industrial Hydraulics Div. J52 
hace Co., W. M. B54 
handler Products Corp. G70 
hase & Sons, Inc. 181 
hester Cable Corp 174 
hicago Screw Co. G6l 
hicago Telephone Supply Co 143 
hiksan Co J35 
hrysler Corp., Industrial 
Engine Div. 

lark Equipment Co., 
Automotive Div 
learprint Paper Co. A43 
leveland Cap Screw Co G65 
ohn Corp., Sigmund B52 
olumbia-Geneva Steel Div., 

U. S. Steel Corp. , B40 
ontinental Felt Co. C58 
oto-Coil Co., Inc. 184 
rouse-Hinds Co. 189 
rown Gear, subs. of Harrington 

& Richardson, Inc. E74 
uno Engineering Corp. J36 


D 
De Jur Amsco Corp. 191 
De Laval Steam Turbine Co. E61 
Denison Engineering Div., 

American Brake Shoe Co. J38 
Detroit Coil Co. 153 
Detroit Stamping Co D40 
Dialighi Corp. 166 
Diamond Mfg. Co. B48 
Diefendorf Gear Corp. E78 
Dimco-Gray Co. F56 
Dings Brakes, Inc. subs., Dings 

Magnetic Separator Co. 
Dodge Mfg. Corp 
Dollin Corp. D42 
Dormeyer Industries 175 
Double A Products Co J75 
Drake Mfg. Co. 186 
Dresser Mfg. Div., Dresser 

Industries, Inc. G50 
Driver Co., Wilbur B 163 
DuPont de Nemours & Co., Inc., 

E. I. Elastomers C40-41 
DuPont de Nemours & Co., 

E. I. Explosives Dept. 

DuPont de Nemours & Co., 

E. I. Plastic Dept. 
DuPont de Nemours & Co., 

E. I. Textile Fibers Dept. 
Dykman Mfg. Corp. 
Dynamatic Div., Eaton Mfg. 


Eastern Industries, Inc. 

Eaton Mfg. Co., Dynamatic Div. 
Ebert Electronics Corp. 

Elastic Stop Nut Corp. of 

America 
Electrical Industries Div., 

Philips Electronics, Inc. 
Electric Specialty Co. 
Electro-Flex Heat, Inc. 

Electro Metallurgical Co., 

Div. Union Carbide Corp. 
Electro-Snap Switch & Mfg. Co. 
Electro Switch Corp. 

Enjay Co., Inc. 
Equipment Engineering Co. 


PRR RAAAA 


= 


ao 


nr RRA AAAA 


H28-29 


- 


E70-71 


Pe Fan tan tan 


a 


H52 
E66-67 


E84 


Excelsior 
Co. 


Leather Washer 


F 

Fabricon Products, Inc. 

Fairfield Mfg. Co., 

Falcon Machine & Tool Co., Div. 
of General Thermodynamics 
Corp. 

Falk Corp. 

Farmer Electric Products Co., 

Farrel-Birmingham Co., Inc. 

Federal Die Casting Co. 

Federal Tool & Mfg. Co. 

Fenwal, Inc. 


Mfg. 


Ferguson Machine Corp., Roller ; 


Gear Div. 

Fiberite Corp. 

Firestone Plastics Co. 
Sales Div. 

Flanders Filters, Inc. 

Foote Bros. Gear & Machine Corp. 

Ford Motor Co., Industrial 
Engine Div. 

Formica Corp., subs of American 
Cynamid Co. 

Formsprag Co. 

Foster Mfg. Co., Inc. 

Fuller Mfg. Co. 

Fusite Corp. 


Chemical 


G 

Galland-Henning 
Garlock Packing Co. 
Gast Mfg. Corp. 

Gates Engineering Co. 
Gates Rubber Co. 

Gatti, Inc., Aurele M. 
Gear Specialties, Inc. 
General Ceramics Corp. 
General Controls Co. 


Insulating Prod. Dept. 
General Magnetic Corp. 
Gibson Electric Co. 

Gillen Co., John 
Gleason Corp. 
Gleason Works 
Globe Industries, Inc., 

Supermet Div. 

Goddeyne Wheel Products 
Goodrich Aviation Products, 

B. F., Div B. F. Goodrich Co. 
Grant Gear Works, Inc. 
Grant Pulley & Hardware Corp 


J80 


C55 
E91 


E44 
155 


J44 
549 
J40 
C58 
E53 
F74 
E55 
187 


J32-33 
General Eiectric Co., Laminating & 


C46 
164 
186 
146 

F56 

E65 


B48 
F70 


G55 
E94 
F79 


Graphite Metallizing Corp F70, 136-37 


Great Lakes Steel Corp., 
National Steel Corp 
Greene, Tweed & Co. 
Grip-Nut Co. 
Groov-Pin Corp. 


H 
Haloid Co. 
Handy & Harman 
Hanna Engineering Works 
Hannifin Corp. 
Hardwick Hindle, Inc. 
Harrington & King Perforating 
Co., Inc. 
Hart Mfg. Co. 
Hassall, Inc., John 
Haydon Co., A. W. 
Haydon Mfg. Co., Inc. 
Haydon Switch Inc. 
Haynes Stellite Co., Div. 
Union Carbide Corp. 
Heinze Electric Co. 
Hendrick Mfg. Co. 
Heyman Mfg. Co. 
Hilliard Corp. 
Holliston Mills, Inc. 
Holo-Krome Screw Corp. 
Horsburgh & Scott Co. 
Hose Accessories Co., 
Champ Div. 
Hotwatt, Inc. 


B34-35 


J66 
G73 
G74 


A33 


B44 
188 
G54 
169 


H34-35 


176 


B32-33 


H38 
BS2 
168 
E48 
A34 
GSI 


E72-73 


376 
156 
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Howard Industries, Inc. 
Howell Instrument Co. 
Hudson Tool & Die Co., Inc. 
Hunter Spring Co. 
Hyatt Bearing Div., General 

Motors Corp. 
Hydraulic Unit Specialties Co. 

! 

I-T-E Circuit Breaker Co., 

Transformer & Rectifier Div. E38-39 
Industrial Sapphire Co. F80 
Industrial Timer Corp. 185 
Instrument Specialties Co., Inc. F75 
International Instruments Inc 162 
International Packing Corp. J42 
International Rectifier Corp 154 
International Telephone & 

Telegraph Corp. Components 

Div. 32 

J 

Janette Electric Mfg. Co. E52 
Jelliff Mg. Co., C. O. F66 
Jergens Tool Specialty Co. F76 
Johnson Machine Co., Carlyle E75 
Jones & Laughlin Steel Corp. D31 


K 

Kaiser Aluminum & Chemical 

Corp. B39 
Kaupp & Sons, C. B 33 
Keystone Bolt & Nut Corp G72 
Kirk & Blum Mfg. Co. D26 
Kohler Co. H47 
Koiled Kords, Inc 376 
Kulka Electric Mfg. Co 192 
Kurz-Kasch Inc. C60 

L 

Landis & Gyr, Inc FS9 
Lansing Stamping Co D42 
Lees, John, Div. of Serrick Corp. .._D34 
Lehigh Chemical Co. C56 
Leiman Brothers Inc J64 
Lenz Co. J68 
Lewellen Mfg. Co E80 
Librascope Inc. 160 
Linde Co., Div., Union Carbide 

Corp. D24-25 
Link-Belt Co. E36-37 
Lord Mfg. Co. F55 
Lubrikup Co., Inc. 146 
Lux Clock Mfg. Co., Inc. 1S2 


M 


McDonnell & Miller Inc J74 
MB Mfg. Co. A35 
Mack Iron Works Co FRO 
Magnetic Amplifers, Inc 145 
Mahon Co., R. C. D37 
Malayan Tin Bureau B49 
Manheim Mfg. & Belting Co E54 
Marathon Electric Mfg. Corp. H50 
Marman Div., Aeroquip Corp. J69, J78 
Marsh Instrument Co. F62 
Marvel Engineering Co. J65 
Met-L-Wood Corp. D42 
Michigan Seamless Tube Co. B44 
Michigan Wire Cloth Co. F76 
Micro-Switch Div., Minneapolis- 

Honeywell Regulator Co 129 
Midget Louver Co. 162 
Midwest Rubber Co C50 
Milford Rivet & Machine Co. G68 
Miller Fluid Power Div., 

Flick-Reedy Corp. J53-J56 
Miniature Precision Bearings, Inc F61 
Molon Motor & Coil Co. H48 
Morganite, Inc. C44 
Morse Chain Company—A Borg- 

Warner Industry E33 
Mosinee Paper Mills Co. C47 
Motoresearch Co. H54 
Mueller Brass Co. B41 
Mycalex Corp. of America C36-37 


N 


National Band & Tag Co. 164 
National Lock Co. G58 
National Lock Washer Co G57 
National Screw & Mfg. Co. G44-45 
National-Standard Co. BS3 
National Supply Co., Industrial 

Prod. Div. E42 


National Tube Div., 
U. S. Steel Corp. 
Nelson Stud Welding Div., 
Gregory Industries, Inc. 
New Departure Div., 
Gen. Motors Corp. 
New Hampshire Ball Bearings, Inc 
New York Belting & Packing Co. 
Northern Ordnance Inc., sub. 
Northern Pump Co. 
Nothelfer Winding Laboratories, 


Inc. 
0 
Ohio Nut & Bolt Co. G58 
Ohio Rubber Co. C50 
Onan & Sons, Inc., D. W. H44 
Ottemiller Co., Wm. H G74 


P 

Palnut Co G56 
Park Name Plate Co F68 
Parker Hartford Corp F60 
Parker-Kalon Div., General 

American Transportation 

Corp G40-41 
Parker Rust Proof Co. C38 
Patton-MacGuyer Co 180 
Pawtucket Mfg. Co. G66 
Penn Metal Company, Inc B45 
Petch Mfg. Co J60 
Philadelphia Gear Works, Inc E28 
Photocircuits Corp., Proto Div 172 
Pneu-trol Devices, Inc. J64 
Pollack Corp., Joseph 166 
Ply-Scientific Corp 151] 
Potter & Brumfield Inc., Subs. of 

American Machine & Foundry 

Co 130 
Precision Extrusions, Inc BSO 
Precision Rubber Products Corp J59 
Prestole Corp. G60 


Rae Motor Corp 

Reeves Pulley Co., Div. Reliance 
Electric & Engineering Co 

Revere Copper & Brass Inc 

Reynolds Metals Co., Industrial 
Parts Div 

Richardson Co. 

Robbins & Myers Inc H39, HSI, 

Robertshaw Fulton Controls Co., 
Flexible Shaft Div. 

Rochester Products Div., 
General Motors Corp 

Rockford Clutch Div. Borg- 
Warner Corp. 

Rockwood Sprinkler Co., Ball 
Valve Div. 

Rogan Brothers 

Rohm & Haas Co., Plastics Div. 

Roper Corp., Geo. D 

Rotary Seal Div., Muskegon 
Piston Ring Co. 

Rotron Mfg. Co., Inc 

Royal Electric Co 

Russell Burdsall & Ward Bolt & 
Nut Co. 

Ruthman Machinery Co 


s 


S. K. F. Industries, Inc 
Saginaw Steering Gear Div 

General Motors Corp E47, 
Sandsteel Spring Div., Sandvik 

Steel Inc 
Sandvik Steel Inc 
Sarkes Tarzian, Inc., Rectifier Div 
Schrader’s Son, A. Industrial Div 

Div. of Scovill Mfg. Co., Inc. 
Scruggs Co., Loyd 
Set Screw & Mfg. Co 
Sier-Bath Gear and Pump Co., 

Inc. 
Sier-Bath Gear and Pump Co., 

Inc., Coupling Div 
Simmons Fastener Corp G42 
Snap-Tite, Inc. 
Somers Brass Co., Inc. B46 
Southco Div., South Chester 

Corp. G36-37 
Southwest Products Co E62 
Standard Pressed Steel Co G38-39 
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Stanpat Co, 

Stearns Electric Corp 

Stevens Mfg. Co., Inc 

Stewart Corp., F. W 

Stewart Warner Corp., Aiemite 

Stewart Warner Corp., Die 
Casting Div 

Stewart Warner Corp., 
Div 

Sull-Man Mfg 

Stow Mfg. Co 

Stratos Div., Fairchild Engine & 
Airplane Co. 

Sweets Catalog Service., F. W 
Dodge Corp 


W holesale 


Corp 


T 

Taylor Fibre Co C43 
emer Co., Inc., Roland D36 
Tensolite Insulated Wire Co Inc. 165 
Tennessee Coal & Iron Div B36, B40 
rhompson-Bremer & Co., Subs of 

Amer. Machine & Foundry 

Co G47 
Trombetta Solenoid Corp 190 
Tomkins-Johnson Co J39 
Forngren Co., Inc., C. W 1D36 
Tourek Mfg. Co., J.J E43 
Townsend Co G46 
Tru-Seal Div., Flick-Reedy Corp 156 
Tubular Rivet & Stud Co G64 
Turco Products, Inc 
ruthill Pump Co 
Twin Disc Clutch Co 


U 


Union Carbide Corp 

Silicones Div 
Union Switch & Signal, Div. of 

Westinghouse Air Brake Co 
United-Carr Fastener Corp., 

Carr Fastener Co., Div G63 
United Metallic “O” Ring Corp 170 
U. S. Radium Corp A38 
l S. Rubber Co C59 
U. S. Rubber Co., Mechanical 

Goods Div. ES9 
United Shoe Machinery Corp. G66 
U. S. Steel Corp , B40 
U. S. Steel Supply Div B40 
U. S. Steel Export Co B36 


Vv 
Versa Products Co., Inc }51 
Voi-Shan Mfg. Co G71 


Ww 

Wagener Electric Corp H36-37 
Waldron Corp., John E77 
Walker Co., George 170 
Ward Leonard Electric Co 144 
Warner Automotive Parts Div., 

Borg-Warner Corp E31 
Warrick Co., ¢ I 184 
Waterman Engineering Co 161 
Waters Mfg. Inc 150 
Webster Electric Co J48 
Weirton Steel Co., Div. National 

Steel Corp B28-31 
Western Felt Works C48 
Western Mfg. Co E88 
Westinghouse Electric Corp 
Wichita Clutch Co 
Wiegand Co., Edwin I 
Willys Motor Inc., Industrial 

Engine Dept 
Wilmot Engineering Co 
Wilson, Co., H. A 
Winsmith Inc E68-69 
Winzeler Mfg. & Tool Co E93 
Wire Rope Sling & Industrial 

Assemblies Dept., American 

Chain & Cable Co., Inc F73 
Wittek Mfg. Co J72 
Wisconsin Motor Corp H30-31 
Wolfe Co., Franklin C. Div 

Parker Appliance Co F63 
Worthington Corp., Multi-V 

Drive E89 
Worthington Corp. Pump & 

Compressors Div 


Y 
Yale & Towne Mfg. ¢ 
(Stamford Div.) 





The following list of trade names of manufacturers and 
products in or related to the field of product design has been 
prepared from advertisements in this issue. This is not in- 


TRADE NAMES USED IN 


tended as a complete directory of trade names, but is pub- 


lished as a service to the reader, for use in locating the 
manufacturer's name when only a purported trade name 
mentioned in advertising in this issue, is known. The editors 
for obvious reasons have not attempted 


A 
ACCO 
American Chain & Cable Co., Inc. 
AL 
Allegheny Ludlum Steel Corp. 
AMSCO 
American Manganese Steel Div., 
American Brake Shoe Co 
ARP 
Allied Research Products, Inc 
ASCO 
Automatic Switch Co 
AV 
Westinghouse Electric Corp 
ACADIA 
Western Felt Works 
ACME 
Keystone Bolt & Nut Corp. 
ADD A PART 
Westinghouse Electric Corp 
ADVAC 
Advanced Vacuum Products, Inc. 
Div. General Ceramics Corp. 
AGASTAT 
AGA div., Elastic Stop Nut Corp. 
of America 
AIRFLEX 
The Falk Corporation 
AIR KING 
Ohio Rubber Co 
AIRPURE 
Flanders Filters, Inc 
AJUSTO-SPEDE 
Eaton Manufacturing Co., 
matic Div. 
ALKANVAR 
Belden Mfg. Co. 
ALLENAIR 
Allen Co., A. K 
ALL-MOTOR 
The Falk Corp. 
ALLSPEED 
Worthington Corp., 
Div. 
AMP-EDGE 
AMP Inc. 
ANDEROL 
Lehigh Chemical Co. 
ARMASTEEL 
Central Foundry Div. 
Motors Corp 
ATLANTALLOY 
Atlantic Casting & 
Corp. 


Dyna 


Multi-V-Drive 
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to determine a 


AUTO-KLEAN 

Cuno Engineering Corp. 
AUTO-SHIFT 

Chas. Bruning Co., Inc. 


B 

B&P 

Brooks & Perkins, Inc. 
B&W 

Babcock & Wilcox Co 
B-W 

Borg-Warner Corp. 
BALCO 

Driver Co., Wilbur B 
BANC-LOK 

Boots Aircraft Nut Corp 
BANJO-SEAI 

Franklin C. Wolfe Co. 
BELDENAMEI 

Belden Mfg. Co. 
BELDOL 

Belden Mfg. Co 
BLUE RIBBON 

Hardwick Hindle, Inc 
BOLT-O-SEAL 

Franklin C. Wolfe Co. 
BONDERITE 

Parker Rust Proof Co. 
BONDERLUBE 

Parker Rust Proof Co. 
BOST-BRONZ 

Boston Gear Works 


Cc 
kK 


Farmer Electric Products Co., Inc. 


rs 

Chicago Telephone Supply Co. 
rc 

Chicago Telephone Supply Corp. 
‘ABUCKLE 

Voi-Shan Mfg. Co 
‘ARMET 

Allegheny Ludlum Steel Corp. 
“ELENAMEL 

Belden Mfg. Co 

‘ELLULUBE 


Celanese Corp. of America, Chem- 


ical Div. 
HESTERFLUR 
Chester Cable Corp. 
“HROMALOX 
Edwin L. Wiegand Co. 


The intention is to 


manufacturer's right to the exclusive use of any such name. 
list only trade names shown in the 
advertisements that differ from the firm name. It was deemed 
unnecessary to include a trade name that is the same as a 
company name inasmuch as the manufacturer's identity is 
immediately apparent. Addresses can be obtained from the 


advertisements which are indexed beginning on page 18. 


CIRCLE ESS 

F. W. Stewart Corp 
COBANIC 

Wilbur B. Driver Co. 
CONDULET 

Crouse-Hinds Co. 
CONOSEAI 

Marman Div., Aeroquip Corp 
CONTINENTAI 

De Jur Amsco Corp 
COPPERPLY 

National-Standard Co. 
COPYFLEX 

Chas. Bruning Co., Inc 
CUNIFE 

Arnold Engineering Co 
CUPROCHROME 

Wilbur B. Driver Co 
CUPRON 

Wilbur B. Driver Co. 
CYPAK 

Westinghouse Electric Corp 


D 
DACRON 
E. I. du Pont de Nemours & Co 
(Inc.) 
DECCO 
Detroit Coil Co. 
DESTACO 
Detroit Stamping Co 
DETECT-A-FIRE 
Fenwal, Inc. 
DIALCO 
Dialight Corp. 
DIAMOND H 
Hart Mfg. Co. 
DISC-PAC 
Carlyle Johnson Machine Co 
DOT 
United-Carr Fastener Corp., Carr 
Fastener Co., Div. 
DOUBLE-FACE 
Angier Adhesives Div., 
ical Corp. 
DUAL-LOCK 
Simmons Fastener Corp 
DUOCARB 
Wilbur B. Driver Co. 
DUTI-RATED 
Foote Bros. 
Corp. 
DYNAC 
Westinghouse Electric Corp 


Interchem- 


Gear and Machine 
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ADVERTISEMENTS IN THIS ISSUE 


KOGA A 


DYNASPEDE 
Eaton Manufacturing Co., Dyna- 
matic Div. 


E 
E-I 
Electrical Industries 
Electronics, Inc. 
ESCO 
Electric Specialty Co. 
ESCO 
Electro Switch Corp. 
ESNA 
Elastic Stop Nut Corp. of America 
EASY-FLO 
Handy & Harman 
ELECTROMET 
Electro Metallurgical Co., Div. 
Union Carbide Corp. 
ELECTRO-POISE 
A. W. Haydon Co., Inc. 
EQUIPOISE 
Chas. Bruning Co., Inc. 
EVANOHM 
Wilbur B. Driver Corp 
EVERLOCK 
Thompson-Bremer & Co. 
EXON 
Firestone Plastics Company, Chem- 
ical Sales Division, Div. of The 
Firestone Tire and Rubber Co. 


Div., Philips 


FADE-OUT 
Clearprint Paper Co. 
FERRAMIC 
General Ceramics Corp. 
FLANCO 
Anchor Coupling Co. Inc. 
FLEX’ATOR 
Hunter Spring Co. 
FLEX-HEAD 
National Screw & Mfg. Co. 
FLEXLUBE 
American Metal Hose 
American Brass Co. 
FLEXMASTER 
Marman Div., Aeroquip Corp. 
FLEXPIPE 
American Metal Hose 
American Brass Co. 
FLO-KLEAN 
Cuno Engineering Corp. 
FLUSH-LOK 
Set Screw & Mfg. Co. 
FORMBOND 
Belden Mfg. Co. 
FORMSTET 
Bridgeport Thermostat Div., Rob- 
shaw-Fulton Controls Co. 


Branch, 


Branch, 
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FORMVAR 

Belden Mfg. Co. 
FOSTERMATIC 

Foster Mfg. Co., Inc. 
FRANCKE 

John Waldron Corp. 
FREON 

E. I. duPont de 

Inc. 

FUSIONWELD 

Avon Tube Div. Higbie Mfg. Co. 


Nemours & Co., 


G 

GS. 

Gear Specialties, Inc. 
GACO 

Gates Engineering Co. 
GASK-O-SEAL 

Franklin C. Wolfe Co. 
GIBSILOY 

Gibson Electric Co. 
GILMER 

New York Belting & Packing Co. 
GLASTERRA 

Chase & Sons, Inc. 
GOVERNAIRE 

Stratos Div., Fairchild Engine & 

Airplane Corp. 

GRAPHALLOY 

Graphite Metallizing Corp. 
GRAY LINE 

Hardwick Hindle, Inc. 
GRIPCO 

Grip Nut Co. 
GRIPMASTER 

George Walker Co. 
GUSHER 

The Ruthman Machinery Co. 
GYROL 

American Blower Corp. 


H 

H-K 

The Holo-Krome Screw Corp. 
H&S 

Horsburgh & Scott Co. 
HASTELLOY 

Haynes Stellite Co., Div. of Union 

Carbide Corp. 

HELIARC 

Linde Air Products Co., A di- 

vision of Union Carbide Corp. 

HEYCO 

Heyman Mfg. Co. 
HI-LO 

Equipment Engineering Co. 
HI-SHEER 

Voi-Shan Mfg. Co. 
HI-TORQUE 

Voi-Shan Mfg. Co. 
HOPPER-FED 

Set Screw & Mfg. Co. 
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WU 


HUSCO 
Hydraulic Unit Specialties Co. 
HYDROILICS 
Denison Engineering Div., Amer- 
ican Brake Shoe Co. 
HYDRO-SHEAVE 
Twin Disc Clutch Co., 
Div. 
HY-LOAD 
Hyatt Bearings Div., General Mo- 
tors Corp. 
HYPALON 
E. I. du Pont de Nemours & Co 
(Inc.) 
HY-ROLL 
Hyatt Bearings Div., General Mo- 
tors Corp. 
HY-VO 
Morse Chain Co 
Industry 


Hydraulic 


A Borg-Warner 


I 

IPC 

International 
1-S 

Instrument Specialties Co., Inc. 
IN-LINE 

Marman Div., Aeroquip Corp. 
INSUROK 

Richardson Co 
IRIDITE 

Allied Research Products, Inc. 
ISOMODE 

MB Mfg. Co. 


Packings Corp. 


J 

J&L 

Jones & Laughlin Steel Corp. 
JEEP 

Willys Motors, Inc., 

gine Dept. 

JERKERKUPS 

Lubrikup Co., Inc. 


Industrial En- 


K 
KENDALL 
Stratos Div., Fairchild Engine & 
Airplane Corp 
KLIPTITE 
Kulka Electric Mfg. Co. 


L 

LACKON 

United States Radium Corp. 
LE-HI 

Hose Accessories Co., Champ Div. 
LIFE-LINE 

Westinghouse Electric Corp. 
LIMITORQUE 

Philadelphia Gear Works, Inc. 
LINK-LOCK 


Simmons Fastener Corp. 
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LION 

Southco Div., South Chester Corp. 
LOCK-O-SEAI 

Franklin C. Wolfe Co 
LOK-THRED 

National Screw & Mfg. Co. 
LONG-LOK 

Voi-Shan Mfg. Co. 
LO-TORK 

Waters Mfg., Inc. 
LUCITE 

E. I. du Pont de Nemours & Co. 

(Inc.) 


M 
MPB 
Miniature Precision Bearings, Inc. 
MAC-IRON 
Mack Iron Works Co. 
MAGAMP 
Westinghouse Electric Corp. 
MAGNE-SPEED 
Magnetic Amplifiers, Inc. 
MAGNOCARB 
Wilbur B. Driver Corp. 
MARSDEN 
Russell, Burdsall & Ward Bolt & 
Nut Co. 
MARSHALLOY 
Marsh Instrument Co. 
MASTERGAUGE 
Marsh Instrument Co. 
MAXITORQ 
Carlyle Johnson Machine Co. 
MECATORN 
C. W. Torngren Co. 
MECHANIPAK 
The Garlock Packing Co. 
MICRO 
New Hampshire Ball Bearings, Inc. 
MICRO-KLEAN 
Cuno Engineering Corp. 
MICROPOT 
The George W. Borg Corp., Borg 
Equipment Div. 
MICRO-WEAVE 
The Holliston Mills, Inc. 
MINI-JOINTS 
Falcon Machine & Tool Co., Inc. 
MINUTE MINDER 
Lux Clock Mfg. Co 
MODIFIED HILO 
Wilbur B. Driver Co. 
MONOBALI 
Southwest Products Co. 
MONOBLOC 
Worthington Corp., Pump & Com- 
pressors Div. 
MORLIFE 
Rockford Clutch Div., 
ner Corp 
MOTODRIVE 
Reeves Pulley Co., Div., Reliance 
Electric and Engineering Co. 
MOTOGEARS 
Link-Belt Company 
MOTOREDUCERS 
The Falk Corporation 


Borg-War- 
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MOYNO 
Robbins & Myers, Inc. 
MULTIMET 
Haynes Stellite Co., Div. of Union 
Carbide Corp. 


N 

N-S 

National-Standard Co. 
NYB&P 

New York Belting & Packing Co. 
NELWELD 

Nelson Stud Welding Div., Gregory 

Industries, Inc. 

NEG’ATOR 

Hunter Spring Co. 
NEOPRENE 

E. I. duPont de Nemours & Co., 

Inc. 

NICKELPLY 

National-Standard Co. 
NILCOR 

National-Standard Co. 
NU-CUP 

Set Screw & Mfg. Co. 
NYLCLAD 

Belden Mfg. Co. 


OIL-TITE 
Westinghouse Electric Corp. 
ONE-SIDE-FLAT 
Reynolds Metals Co., Reynolds 
Aluminum Fabricating Service 


P 

P&B 

Potter & Brumfield Inc., American 

Machine & Foundry Co. 

PE 

Precision Extrusions, Inc. 
P-K 

Parker-Kalon Div., General Amer- 

ican Transportation Corp. 

P-M 

Patton-MacGuyer Co. 
PAL 

Palnut Co. 
PALMETTO 

Greene, Tweed & Co. 
PARA-FLEX 

Dodge Mfg. Corp. 
PARCO 

Parker Rust Proof Co. 
PARCO LUBRITE 

Parker Rust roof Co. 
PEL-X 

The Holliston Mills, Inc. 
PERMAGRID 

Wilbur B. Driver Co. 
PERMA-NUT 

Tubular Rivet & Stud Co. 
PERMOCARB 

Wilbur B. Driver Co. 
PHILLIE GEAR 

Philadelphia Gear Works, Inc. 
P.I.V. 

Link-Belt Company 


PLACE 

National Screw & Mfg. Co. 
PLASTICORD 

Chester Cable Corp. 
PLASTICOTE 

Chester Cable Corp. 
PLEXIGLAS 

Rohm & Haas Co., Plastics Div. 
PLY-HEAD 

Southco Div., South Chester Corp. 
POINT-LOK 

Set Screw & Mfg. Co. 
POLIOCARB 

Wilbur B. Driver Co. 
PORO-KLEAN 

Cuno Engineering Corp. 
POWERGRIP 

United States Rubber Co., Mechan- 

ical Goods Div. 

PRESSTITE 

American Metal Hose 

American Brass Co. 

PRE-TORK 

Set Screw & Mfg. Co. 
PUSHNUT 

Palnut Co. 


Branch, 


QUICKEY 
United-Carr Fastener Corp., Carr 
Fastener Co. Div. 
QUICK-LOCK 
Simmons Fastener Corp. 


R 
R-B 
Allied Products Corp., Richard 
Brothers Punch Div. 
RB&W 
Russell, Burdsall & Ward Bolt and 
Nut Co. 
R&M 
Robbins & Myers, Inc. 
RMB 
Landis & Gyr, Inc. 
RADIOCARB 
Wilbur B. Driver Co. 
RATIOMOTOR 
Boston Gear Works 
RECALIBRATOR 
Marsh Instrument Co. 
REDUCTOR 
Boston Gear Works 
RED DOT 
International Rectifier Corp. 
RIVNUT 
B. F. Goodrich Co., Goodrich 
Aviation Products Div. 
RIV-O-SEAL 
Franklin C. Wolfe Co. 
ROADRANGER 
Fuller Mfg. Co. 
RODAR 
Wilbur B. Driver Co. 
ROLLPIN 
Elastic Stop Nut Corp. of America 
ROTO-LOCK 
Simmons Fastener Corp. 
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ROYALITE 
United States Rubber Co. 


Ss 
S-C 
Mueller Brass Co. 
SPS 
Standard Pressed Steel Co., 
Brako Socket Screw Div. 
SCHWEPPE 
Voi-Shan Mfg. Co. 
SEALTITE 
American, Metal Hose 
American Brass Co 
SENDUST 
Arnold Engineering Co. 
SENTRI-SEAL 
New Departure Div., General Mo- 
tors Corp. 
SERVE-A-UNIT 
Alden Products Co. 
SERVICEMASTER 
Marman Div., Aeroquip Corp. 
SETCO 
Set Screw & Mfg. Co. 
SHEF-SEAL 
Miller Fluid Power 
Reedy Corp. 
SIGMA 
Linde Co., 
Corp. 
SIL-FOS 
Handy & Harman 
600 SERIES 
Mueller Brass Co. 
SNAPIN 
AMP Inc. 
SOCKETLESS 
Aeroquip Corp. 
SOIL KING 
Ohio Rubber Co 
SOL-A-NUT 
United-Carr Fastener Corp., Carr 
Fastener Co. Div. 
General Ceramics Corp. 
SOLDERSEAL 
General Ceramics Corp. 
SPACEMAKER 
Tomkins-Johnson Co. 
SPHERE-GEAR 
Dykman Mfg. Corp. 
SPINFORMING 
Roland Teiner Co., Inc. 
SPIN-LOCK 
National Screw & Mfg. Co. 
SPIN-LOCK 
Russell, Burdsall & Ward Bolt & 
Nut Co. 
SPIN-SEAL 
Russell, Burdsall & Ward Bolt & 
Nut Co. 
SPIROL 
C.E.M. Co. 
SPRING-LOCK 
Simmons Fastener Corp. 
STAPS 
Parker-Kalon Div., General Amer- 
ican Transportation Corp. 


Branch, 
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Div. Union Carbide 


Product Engineering — Mid-October, 


STAT-O-SEAL 

Franklin C. Wolfe Co. 
STEELFLEX 

The Falk Corp. 
STEEL-WELD 

R. C. Mahon Co. 
STEMCO 

Stevens Mfg. Co., Inc. 
SUPER AUTO-KLEAN 

Cuno Engineering Corp. 
SUPERGEM 

Aeroquip Corp. 
SUPERMENDUR 

Arnold Engineering Co. 
SUPER-TORK 

Set Screw & Mfg. Co. 
SUPRAMICA 

Mycalex Corp. of America 
SYLVALOY 

Wilbur B. Driver Co. 
SYNCLINAL 

Marvel Engineering Co. 
SYNCRO-SPEDE 

Allis Co., Louis 
SYNTHAMICA 

Mycalex Corp. of America 


T 


T-J 
Tomkins-Johnson Co. 
TAPER-LOCK 
Dodge Mfg. Co. 
TAP-LOK 
Groov-Pin Corp. 
TEFLON 
E. I. du Pont de Nemours & Co. 
(Inc). 
TENSITE 
Wilbur B. Driver Co. 
TENSOLON 
Tensolite Insulated Wire Co., Inc. 
TERMIN-O-SEAL 
Franklin C. Wolfe Co. 
rEXTOLITE 
General Electric Co., Laminated 
and Insulating Products Dept. 
THERMOMETAL 
H. A. Wilson Co. 
THERMOSWITCH 
Fenwal, Inc. 
THINPLATE 
Park Nameplate Co. 
TOPHET A 
Wilbur B. Driver Co. 
TOPHET C 
Wilbur B. Driver Co. 
TRANSI-MAG 
Magnetic Amplifiers, Inc. 
TRU-LOC 
American Chain & Cable Co., Inc., 
Wire Rope Assemblies 
rUFF-TITE 
National Screw & Mfg. Co. 
TUFF-TITE 
Townsend Co. 
TUF-STUF 
Mueller Brass Co. 
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U 

UNIGRAIN 

Somers Brass Co., Inc 
UNIONARC 

Linde Co., Div 

Corp. 

UNIONMELT 

Linde Co., Div 

Corp. 
UNITSYSTEM 

Chas. Bruning Co., Inc 
USS COR-TEN 

United States Steel Corp 
USS MAN-TEN 

United State Steel Corp 
USS T-1 

United States Steel Corp 
USS TRI-TEN 

United States Steel Corp 


Union Carbide 


Union Carbide 


Vv 

V-BAND 

Marman Div., 
VEELOS 

Manheim Mfg. & Belting Co. 
VENTIDUCT 

Marman Div., Aeroquip Corp 
VICALLOY 

Arnold Engineering Co. 
VITROHM 

Ward Leonard Electric Co 


Aeroquip Corp 


Ww 
WEDGE-ROLI 
Hilliard Corp 
WEIRKOTE 
Weirton Steel Co. Div 
Steel Corp. 
WEIRZIN 
Weirton Steel Co. Div 
Steel Corp 
WILCO 
H. A. Wilson Co 
WORTHITE 
Worthington Corp., 
pressors Div 
WRICO 
Chas. Bruning Co., Inc 


National 


National 


Pump & Com- 


x 
X-L 
Excelsior 
Co., Inc 
XEROX 
Haloid Co. 


Leather Washer Mfg 


Zz 
ZEROI 
Crown Gear, subs. of 
& Richardson, Inc 
ZEROL 
Gleason Works 
ZIP-GRIP 
Set Screw & Mfg. Co 
ZYTEL 
E. I. du Pont de Nemours & Co. 
(Inc). 


Harrington 
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THESE 75 COMPANIES HAVE INVESTED 
AN AVERAGE OF $20,000 EACH IN 1957 TO 


make it 
as easy 
as possible 


for active buyers to find out what they want to know about 
products they need. Fifty-seven of these companies have 
been clients of Sweet’s Catalog Service for 20 or more 


years. 





Acorn Wire & iron Works, Inc 

Airolite Company 

Allegheny-Ludium Stee! 
Corporation 

Allied Chemica! & Dye 
Corporation 

Allis-Chalmers Manufacturing 
Company 

Aluminum Company of America 

American Flagpole Equipment 
Co., Inc 

American Motors Corporation 

American Radiator & Standard 
Sanitary Corporation 

Anaconda Company 

Armco Stee! Corporation 

Armstrong Cork Company 

Babcock & Wilcox Company 

William Bayley Company 

Briggs Manufacturing Company 

Philip Carey Mfg. Company 

Carrier Corporation 

Ceco Steel Products Corporation 

Cupples Products Corp. 

Diehl Manufacturing Company 

Dow Chemical Company 

E. |. du Pont de Nemours 
& Co. (Inc.) 

Eastern Machine Products Co 

The Flintkote Company 

Flockhart Foundry Company 

Michael Flynn Manufacturing 
Company 

General Bronze Corporation 

General Electric Company 

General Motors Corporation 

Granco Steel Products Company 

Great Lakes Steel Corporation 

Grinnell Company, inc. 

The E. F. Hauserman Company 

Hohmann & Barnard Inc. 

I-T-E Circuit Breaker Company 

Inland Steel Products Company 

Johns-Manville 

Kaiser Aluminum & Chemical 
Sales inc. 





Kawneer Company 

The Kinnear Manufacturing Co. 

Koppers Company inc. 

Libbey-Owens-Ford Glass 
Company 

John E. Lingo & Sons Inc. 

Ludman Corporation 

The R. C. Mahon Company 

Masonite Corporation 

Mastic Tile Corporation of 
America 

Mesker Brothers 

The Mills Company 

Mueller Brass Co. 

The Murray Corporation of 
America 

National Gypsum Company 

Neenah Foundry Company 

Overhead Door Corporation 

Owens-Corning Fiberglas 
Corporation 

Peelle Company 

Pittsburgh Plate Glass Company 

Republic Stee! Corporation 

Revere Copper & Brass 
Incorporated 

Reynolds Metals Company 

H. H. Robertson Company 

Ruberoid 

Rust-Oleum Corporation 

St. Louis Fire Door Company 

Southern Sash Sales & 
Supply Co., Inc. 

The Stanley Works 

Stewart-Warner Corporation 

The Thomas & Betts Co. 
Incorporated 

United States Gypsum 

United States Plywood 
Corporation 

United States Stee! Corporation 

Westinghouse Electric 
Corporation 

Wheeling Corrugating Company 

The J. G. Wilson Corporation 

Worthington Corporation 








Sweet's Catalog Service 


a division of F. W. Dodge Corporation 
119 West 40th Street, New York 18 


Sweet's catalog services include catalog design; catalog printing; the 
maintenance of pre-filed catalog collections, for continuing and instant 
accessibility, in carefully qualified offices throughout the building and 
industrial markets. In 1957 — a total of 53,954,000 catalog copies are 
being maintained by Sweet's for 1,740 companies, in more than 
110,000 offices 
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gerd ALE MAKES THE 
es LOCK YOU NEED... 


Choose from a wide line of standard models .. . or let Y ale 


experts produce a new lock to fit your specifications 





Whether you need a simple lock or a special lock, 

Yale has it in stock . . . or can quickly make it for you. Talk 

: over your requirements with the Yale Industrial 

Lock Expert. (He may be in your locality now.) He'll gladly 

give you all the facts on any Yale lock, help solve any 

tricky locking problems that may be “stymieing” 

, you, and show you how to increase the saleability of your 
product with high-quality, low-cost Yale hardware. 

For illustrated catalog write to industrial Lock Dept., 

; The Yale & Towne Manufacturing Co., Lock & 

Hardware Division, White Plains, 
New York. 
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L3378 LOCKER LOCK 


Chromium finished combination lock 
for steel, gravity or manually opera- 
ted lockers. Retractable dead bolt 
controlled by dial . . . manually op- 
erated. Emergency key controlled. 





a Yale lock for ever 





C-1222 PLUNGER LOCK 


Four pin-tumbler lock of extruded 
brass for metal file drawers and 
cabinets. Spring actuated to pop 
out when unlocked. Can be master- 





4651 DRAWER LOCK 


Versatile five disc-tumbler lock. 
Changed easily to right or left hand 
cupboard lock by removing a screw 
and turning the plug. Can be mas- 





keyed. 


HOW YALE 
SOLVES 
SPECIAL 
LOCKING 

PROBLEMS 


ter-keyed. Dead bolt, die-cast, % in. 
throw. 





Narrow Stile Lock 


Designed at the request of a leading glass 
and metal door manufacturer for use in en- 
trance doors with narrow stiles. Only 1% 
inches wide with a 1-inch backset, yet this 
deadlock doesn’t surrender a single Yale se- 
curity or quality advantage. Two-cylinder op- 
eration. Key opens lock from both sides. Pin 
tumbler security. Convenience of master- 
keying. Available in single cylinder opera- 
tion too. Handsome construction in anodized 
extruded aluminum stock. Hardened steel 
pin in bolt. 
























































5591 3-WAY DRAWER 
LOCK 


A four pin-tumbler all-brass lock for 
wooden storage units — drawers, 
right or left hand doors. Can be 
master-keyed. Dead bolt, % in. 













TA637 LUGGAGE LOCK 


Smartly designed, first quality suit 
case lock for hardside luggage. 
Three disc-tumblers. 18 key changes. 
Bright brass or bright nickel finish. 








5529 SHOW CASE LOCK 


All-brass push-in cylinder lock for 
sliding show case doors. Four pin- 
tumblers, 1200 changes. Can be 
master-keyed. Heavy locking bolt, 
% in. dia., % in. throw. 1 in. wood, 











throw. % in. wood, regular. 





Depository Bag 


Banks offering customers a night depository 
service find lost keys and time-consuming 
searches for duplicate keys a nightmare. So 
a leading manufacturer of night depository 
bags came to Yale for help. And got it! A 
special tamper-proof lock that functions 
speedily and efficiently. Nerve center of the 
lock is a small but mighty cylinder designed 
so that each bank messenger has individual 
access to his own bag — yet one bank master- 
key controls all depository bags. 




















regular. 













Hidden Furniture Lock 


Furniture manufacturers find this new hidden 
Yale lock a big plus . . . because it enables 
their customers to lock all drawers in all 
furniture pieces simultaneously! One master- 
key controls all pieces. It’s the only safe 
way to lock furniture against burglars, pry- 
ing maids, baby sitters and curious children. 
This new Yale-designed lock combines quality 
and security advantages never before avail- 
able to furniture manufacturers. 


























2430 PANEL 
BOARD LOCK 


Ideal lock for electric panel 
boards. Key deadlocks bolt 
and ring handle which retracts 
latch bolt to operate. Lever 
tumbler mechanism. Bright 
plated ring handle and brass 
nose. 





$1400 LOCKING 
HANDLE 

Concealed screws hold handle 
from rear of door. New Yale 
handle offers 5 disc-tumbler 
locking cylinder security plus 
roomier, easier grip. Polished 
or satin finish. 
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IF YOU HAVE SPECIFIC AND DETAILED QUESTIONS 


to ask about any panes advertised in this issue, a complete and personal answer to your 
— may be best secured by writing directly to the company concermed, at the ad- 
ress given in this advertisement. 


FOR CLARITY AND PROMPT SERVICE when writing directly to an advertiser, be 
sure to include mention of Product Engineering's Sixth Design Digest Issue and the page 
number of the advertisement which prompts your letter. 
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in this Sixth Annual 
DESIGN DIGEST Issue 
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TRACTOR HYDRAULIC DIRECTIONAL FLOW VALVE 
AUTOMOBILE AIR CONDITIONING COMPRESSORS 
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These ROTARY SEALS are “‘tailor-made’’ to solve specific problems 
ell 


Pr 


No off-the-shelf stop-gaps or compromises here— 
these Shaft-Sealing problems are tough, and it took 
specialized development to come up with precisely 
the right Seal to meet all the conditions successfully 
in each case. 

It takes experience plus painstaking and ingenious 
engineering to produce these right answers, too— 
the kind of experience that only years of specializa- 
tion can provide. Since the introduction of the basic 






mechanical 
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ROTARY SEAL principle years ago, we have met 
and overcome the challenge of hundreds of tough 
assignments like those illustrated, for leading man- 
ufacturers in every field. 

If you manufacture HYDRAULIC DEVICES— 
APPLIANCES—GEAR BOXES—AGRICULTURAL 
EQUIPMENT—PUMPS—AIR CONDITIONING—or 
any other line where secure Shaft-Sealing must be 
a certainty, call in the ROTARY SEAL experts, 
preferably at the drawing board stage. With our 
expanded sales engineering and production facilities, 
it’s ten to one we can “tailor-make”’ exactly the 
right Seal to do your job. 


Shaft-Sealing with Certainty 


ROTARY SEAL DIVISION 
MUSKEGON PISTON RING CO., SPARTA, MICHIGAN 











Reynolds Tubed Sheet One-Side-Flat is 
the only sheet now in production with 
one flat side providing integral tubing in 
any parallel or non-parallel patterns no 
matter how complex! Tubed Sheet One- 
Side-Flat (two sheets of aluminum metal- 
lurgically bonded together so that the 
heat transfer passageways are in the sheet) 
is flat on one side and has the built-in 
tubing pattern on the other side. This 
amazing material routes gas or liquid 
wherever needed with greater freedom 
and greater efficiency and at lower costs. 

Some of the benefits of Tubed Sheet 
One-Side-Flat are currently demonstrated 
in refrigerator evaporators. Re-designs are 
simplified, can be made quicker and at 


The exciting new material to complement 


REYNOLDS ALUMINUM 
TUBED SHEET 


(patent pending) 


lower cost. Metal formerly required for 
evaporator tubing, accumulators and re- 
ceivers is not needed. Many connecting 
and assembling operations are eliminated. 
‘Tubed Sheet can be embossed in a decora- 
tive pattern or left smooth. It also can 
be color anodized in most colors desired. 
Why not investigate this intriguing new 
material for applications in your industry. 
Reynolds Aluminum Specialists will work 
with you on Tubed Sheet One-Side-Flat 
for heat transfer uses or for other uses 
your ingenuity may devise. For details, 
contact your nearest Reynolds office or 
write direct. Reynolds Aluminum Fabri- 
cating Service, 2051 South Ninth Street, 
Louisville 1, Kentucky. 


Watch Reynolds All-Family Television Program “DISNEYLAND”’, ABC-TV. 


REYNOLDS ALUMINUM 


BLANKING e EMBOSSING e STAMPING e DRAWING e RIVETING e FORMING 
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The Finest Products 
Made with Aluminum 


made w 


REYNOLDS &23 ALUMINUM 


FABRICATING SERVICE 


ROLL SHAPING . TUBE BENDING > WELDING . BRAZING . FINISHING 
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RADIO AND TELEVISION 
FEATURES 


Longer life. 

Higher output voltage. 

Lower temperature rise. 
Superior humidity resistance. 
Proven mechanical construction. 
85 C. UL acceptance. 
Conservative ratings. 

More uniform quality. 

Largest plant capacity. 

10. More engineering know-how. 


@ a 


1003A Eyelet 
Construction (E) 

1090A Stud 
Construction (S) 


OTHER AVAILABLE TYPES 


Plug-in rectifiers 


SY PNOVAON= 


* Printed circuit rectifiers e 
* Special purpose rectifiers manufac 
tured to customer specifications 





006 A 
*1028 (1010) 250 130 
1090 


Mox Mox 
DC-Mo. _RMS Volts 


FEDERAL’S STANDARD SELENIUM RECTIFIERS 


130 
130 
130 
130 
130 
130 
130 


, 
(Max 


FTR Catalog No Plate Size 


Mtg 
Dim. 


Application 





Booster -Bias 
AC-DC (5 Tube) 
3 Way Radio 
Rodio-TV 
Radio-TV 
Radio-TV 
Tetevision 
Booster -Bics 
Television 
Television 
Television 
Television 


A 3 130 
1023 A (1206) 350 130 
1130 (1056) 400 130 
1179 (1021) 500 130 


Serer o@eroonrrw 








FEDERAL'S SPECIAL PURPOSE 


150 25 1” sq . Filament Supply 
1600 18 1%,” Power Supply 
100 172 1” sq vi Bottery Charger 
75 172 Power Supply 
High Voltage 
Power Supply 
100 . “a High Voltage 
Power Supply 
High Voltage 
Power Supply 
B + Television 
Filament Supply 
Filament Supply 
Filament Supply 
Bias-Rectifier 
AC-DC (Radio) 
Plug-in Type 
1356 AP 130 B + Television 
1319 A 195 vy,” B + Color Television 
1090 C 130 4 P B + Television 
1179-C (1021 C) 130 4 8 Television 


(1018) 








Letter “A 


after catalog number indicates locking lug. *Eyelet construction. ¢ Terminal to terminal dimensions 


FEDERAL’S CONTACT PROTECTORS 


‘‘PACKAGED-POWER”’ SELENIUM RECTIFIERS 





Catalog 
Number 


Old 
Catalog 
Number 


Rectifier 
Stack 
Code 


Rectifier Stock 
Dimensions 


Max Max 
D.C. Output A.C 
Input 


End arcing contacts 
Stop erosion of switch contact surfaces 
Extend contact life by more than 1000 times 


Number Volts 


o10 2100S 106C1 SAX! 10 
011 *107CISAX) ! 
012 133C1SAX! 
13 *135CIAX) 
ow ? 136C1 AX! 
015 *169C1 AX! 
*170C1 AX) 
*142B1 AX! 
106B1SAX! 
*107B1SAX! 
133B1SAX! 
*135BIAX! 
136B1 AX! 
*169B1 AX! 
*170BIAX! 
106B2SAX)! 
*107B2SAX1 
133B2SAX) 
*135B2AX) 
136B2AX1 
*169B2AX) 
*170B2AX1 
106B3SAX! 
*107B3SAX) 
133B3SAX1 
*135B3AX) 
136B3AX1 
*169B3AX! 
*170B3AX1 
106B4SAX! 
*107B4SAX! 
133B4SAX! 
*135B4AX! 
136B4AX) 
*169B4AX1 
*170B4AX! 
*104B5AX1 
139B5AX1 
106B5SAX) 
*107B5SAX! 100 
133B5SAX1 100 
*135B5SAX) 100 
*136B5AX1 100 
103B6AX1! 120 
104B6AX! 120 
139B6AX1 120 
106B6SAX! 120 
*107B6SAX! 120 
133B6SAX1 120 
135B6AX1 120 
*136B6AX) 120 


ne ee 





Amps 
3 


5 


rw 
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i) 
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NOORNEOHDOENEONDWOUW RON @ 
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Volts “8 Eliminate circuit failure and Interference caused 


by arcing contacts 


ais) 


www 


. 
ADAPTS ALL SIGNAL AND TELEPHONE TYPE RELAYS 


OPERATING TO 40 TIMES PER SEC. AND DRAW UP TO 
600 MA. OPERATING CURRENT AT 150V AC OR DC 


2OSCO eR eWHOOCOC OB EW 
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FOR DIRECT CURRENT APPLICATIONS 
Max. Coil 

Current Minimum Federal Code = 

Ma Volts (Paper Tube Only A 


Dimensions 


Mox 


AR eRWORUUEEWNOOUWS BW 


100 15 SAPS! 
200 15 5AIPS! 
200 8A2PS! 
500 15A2PS! 
250 8A3PS2 
500 5 15A3PS2 
250 SA4PS2 
500 1 5A4PS2 
250 BA5PS2 
600 15A5PS2 
250 BA6PS2 
600 SA6PS2 
250 BA7PS2 
600 15A7PS2 


UMM ww wn nm 
>OO OR aw 


~ a 
> h 

>O Oh BWC 

Ah & WOO 
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FOR ALTERNATING CURRENT APPLICATIONS 


Max. Coil 
Current 
Ma Volts 


Dimensions 


Minimum Federal Code = 
(PoperTubeOnly) A 


Max 


100 15 
200 15 
200 27 
400 27 
200 53 B8A3PS3 

400 53 15A3PS3 
200 BA4PS4 

400 15A4PS4 
200 8A5PS5 

400 15A5PS5 


BAIPS! 
15AIPS! 
8A2PS2 
15A2PS2 


Wk eWn—-OFOUWS BWOO 





Ooch eaWne “OO eke WH 


Vuk eon 


156 





200 BASPS6 


* Asterisks indicate new Type Rectifiers 


Bold face type indicates Rectifiers recommended for stocking 


Note: Ratings for 35 


Ambient; Resistive or inductive loads 


400 


15A6PS6 











Components Division 


INTERNATIONAL TELEPHONE AND TELEGRAPH 
100 Kingsland Road + Clifton, N. J. 


CorPORATION 
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Here's the answer to prototype parts 


and short run production... 


MU METAL 
BRASS 
INCONEL 
‘ ALUMINUM 
DEEP DRAWING, HYDROFORMING, COPPER 
SPINNING, STAMPING, PIERCING, CARBON STEEL 
ASSEMBLING, SPOT WELDING, = STAINLESS STEEL 
ANNEALING, TOOL MAKING, ETC. NICKEL 
. LEAD 
™ - PEWTER 
ciel ZINC 
ce rae MAGNESIUM 
MOLYBDENUM 
TITANIUM 
SILVER 
SPECIAL ALLOYS 


KAUPP SAVES TIME 
REDUCES COSTS — 


PRECISION METAL 
FORMING 


Complete Service 
For AIRCRAFT AUTOMOTIVE... from Design to Delivery! 


Consult KAUPP for accurate metal 


as components in production quantities, 
} ‘4 short runs or prototype pieces. 
‘ | y) Precision metal-working machines 


combined with a quarter century of 

ELECTRONICS... ELECTRICAL experience assures high speed metal 
forming to closest tolerances. KAUPP 

engineers will be happy to discuss 

“2 your requirements and make 

rf , recommendations on the economical 

) \ production of your precision metal 

we parts or sub-assemblies. New 

catalogs and bulletins available now. 
Request your copies, today! 


~~ 


LIGHTING TELEVISION 


c. 8B. KAUPP a SONS Metal Craftsmen 


since 1924 
NEWARK WAY, MAPLEWOOD, N.J.—Tel. SOuth Orange 3-2490 





Atomic power in Caesar’s day? 


Certainly! 


It was there, in the ground, in the air and water. It 
always had been. There are no more “raw materials” 
teday than there were when Rome ruled the world. 

The only thing new is knowledge . . . knowledge of how 
to get at and rearrange raw materials. Every invention 
of modern times was “available” to Rameses, Caesar, 
Charlemagne. 

In this sense, then, we have available today in existing 
raw materials the inventions that 
longer, happier, and inconceivably easier. We need only 


can make our lives 


knowledge to bring them into reality. 

Could there possibly be a better argument for the 
strengthening of our sources of knowledge—our colleges 
and universities? Can we possibly deny that the welfare, 
indeed the very fate—of our nation depends 
on the quality of knowledge generated and transmitted 
by these institutions of higher learning? 


progress 


It is almost unbelievable that a society such as ours, 
which has profited so vastly from an accelerated accumu- 
lation of knowledge, should allow anything to threaten 
the wellsprings of our learning. 


Sponsored as a public service 





Yet this is the case 


The crisis that confronts our colleges today threatens 
to weaken seriously their ability to produce the kind of 
graduates who can assimilate and carry forward our 
rich heritage of learning. 

The crisis is composed of several elements: 
scale that is driving away from teaching the kind of 
mind most qualified to teach; overcrowded classrooms; 


a salary 


and a mounting pressure for enrollment that will double 
by 1967. 
In a very real sense our personal and national progress 
depends on our colleges. They must have our aid. 
Help the colleges or universities of your choice. Help 
them plan for stronger faculties and expansion. The 
returns will be greater than you think. 





lf you want to know what the college 7 

crisis means to you, write for a free book- >/\= ##@HER soUCcATION 
let to: HIGHER EDUCATION, Box 36, “YO 

Times Square Station, New York 36, 

New York. 


KEEP IT BRIGHT 











, in cooperation with the Council for Financial Aid to Education 
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aga There is 
and 


Bulletins  {mly ONE Best Gear Design 


f h li * 
To obtain copies of literature or eac app ication 


described below, circle corre- 
sponding number on coupon 
at end of this section. 





(M-1) Metal Thermostats—Bulletin 

3000, 2 pp. Describes bimetal disc- d SIER BATH f t it 
type unit for electronic appliance and see an manu ac ures | 
industrial applications. Stevens Mfg. 


Co., Inc., Lexington, Ohio. into your gears 


(M-2) Conversion Factors—W all chart. 


Included are common conversions ; 
such as inches to centimeters, watts = Sier-Bath serves you with the best gear 


to hp, cu ft to liters. Precision Equip- as a design, engineering and manufacturing 

ment Co., 3714 N. Milwaukee Ave., = ~~ service. You get free engineering con- 

Chicago 41, Ill. | »/ = sultation and the finest gears to meet the 
: increased requirements of tomorrow. 


(M-3) Gage Accessories—Bulletin ‘ 
600, 4 pp. Describes accessories for a\\ 2 % Sier-Bath designed and manufactured 


various types of gages, dial thermome- > \ Se... gears give you the same operating ad- 


ters and recorders. United States | <a vantages that have brought leadership 
Gauge, Sellersville, Pa. ' to many other machinery manufacturers. 


(M-4) Simplified Practice Recommen- 
dations—Catalog 979, 14 pp. Devel- No other gear company 
oped by cooperation among manufac- pa can now give you 


turers, catalog contains records of 


stock items retained after superfluous PRECISION CROWN - GROUND 


variety has been eliminated. Commod- 


ity Standards Div., U. S. Dept. of Ne SPUR GEARS 


Commerce, Washington 25, D. C. 
to 12” diameter, 4 pitch 








(M-5) Commercial Standards—Cata- 
iog 978, 12 pp. Establishes standard 
quality requirements, methods of test, Send us your gear prints or specs for study 
rating, certification and labeling of we" and quotation—or have a Sier-Bath gear 
commodities, and provide uniform . specialist call to discuss the steps that 
bases for fair competition. Commod- S will make us your ideal gear department. 
ity Standards Div., U. S. Dept. of 
Commerce, Washington 25, D. C. All kinds of gears—~elt materials. 
Made —cut— shaved — ground tooth. 

(M-6) Timing Device — Data sheet . 48" i diamet 
BX219, 2 pp. Contains data on switch- Wie Ba th 12 or more of « kind, depending on size 
ing arrangements. M. H. Rhodes, zm 

- te : Sier-Bath GEAR « PUMP CO., Inc. 


Inc., 29 Bartholomew Ave., Hartford, | 
Sl artholomew Ave artfor Pp R é Cc | G | oO % os BOULEVARD NORTH one te Sea 
GEARS 





(M-7) Vibration Pickups and Meters 
—Bulletin 124 E, 6 pp. Contains data, 
diagrams and chart. MB Mfg. Co., pho mensiastecese of Rotess 
1060 St., New Haven 11, Conn. Pumps and Flexible Gear Couplings 
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DELIVERY FROM STOCK! 


Sier-Bath 
FLEXIBLE 
GEAR 
COUPLINGS 


with your choice of 


44 FINISHED BORE SIZES 


Off-the-shelf delivery for your immediate 
needs! That's what Sier-Bath offers you on 
standard types of the well-known Sier-Bath 
Flexible Gear Coupling. Choose from a full 
selection of 44 finished bore sizes, available 
from any one of a hundred Sier-Bath dis- 
tributors or on direct order to the factory. 


Availability is only part of the story ... 
for when you order Sier-Bath Flexible Gear 
Couplings you're ordering the smallest and 
lightest coupling made, yet it offers excep- 
tional strength, higher rpm, greater horse- 
power capacity. One-piece sleeve design 
eliminates flanges and bolts, speeds up 
coupling and uncoupling operations through 
use of snap-rings. There’s no danger of 
“freeze-up" even after years of service. 
Priced generally below competitive brands! 


Consult the Yellow Pages of Simpler! 
your telephone book for the 3 
Sier-Bath distributor nearest 
you. Or write us direct for 
complete Catalog information. 


Smaller and Lighter 


Siop Bath | TH) se 


GEAR AND PUMP CO., INC. 
FLEXIBLE COUPLING DIVISION 


9249 Hudson Bivd., North Bergen, N. J. 
Founded 1905 Member A.G. M.A. 


36 


for accurate 
BilereWelniale me 


SIMPLE 


AVUTOMAT 


OPERATIC 
RUGGED S 
i a 
RELIABLE ZF 
~ 


‘ws eTrRUMENYT COMPANY. IHC. 


31S NO. ABERDEEN STREET, CHICAGO 7, TLLINO'TS 
SALES REPRESENT ATIVES THROUGHOUT THE UNITED STATES AND CANADA 





only 7 parts 





FOR FAST HELP 
ON DESIGN PROBLEMS 


... consult the 


PRODUCT INDEX 
of this 


DESIGN DIGEST 
ISSUE 


(Begins on page 15) 
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USE TIME-SAVING 
COUPONS BELOW 


... to request further information on 


all products advertised in this Digest Section 


. . +. to request your copies of product catalogs 
and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- 
ning on page 15, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manufacturers of 
this type of product. 


Circle these numbers for further information about 
advertisers appearing in this section 


24 25-8 29 30-1 32 33 
TR36 


Circle these numbers for your copy of bulletins 
listed in this section 


Mi M2 m3 m4 


Design Digest (mid-October 1957) 
NAME 

COMPANY 

BUSINESS ADDRESS 


CITY, STATE 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING 's Design Digest Issue, and page number 
of the advertisement prompting your letter. 


Circle these numbers for further information about 
advertisers appearing in this section 


24 25-8 29 30-1 32 33 
TRIE 


Circle these numbers for your copy of bulletins 
listed in this section 


M1 m2 m3 m4 MS 
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COMPANY 

BUSINESS ADDRESS 


CITY, STATE 





NEW BOOKS 


General Engineering 





Engineering as a Career by Ralph 
J. Smith, San Jose State College, 6 
x 912 in., 365 pp. Published by Me- 
Graw-Hill Book Co., 330 W. 42 St., 
New York 36, N. Y. $4.75. 


To fill the ever widening gap be- 
tween industry's requirements for en- 
gineers and the number of engineering 
graduates, educators have suggested a 
program to inform high school stu- 
dents about engineering as a course 
of study and as a career. Here is the 
first attempt at a systematic presenta- 
tion intended to explain the nature 
of engineering, describe the work of 
professional engineers, and indicate 
the requirements for success in the 
profession. 

Intended as a text for an orienta- 
tion course for freshmen students, the 
author first describes the engineering 
profession, its history and functions. 
In the second section the engineering 
curriculum is covered to better ac- 
quaint and guide the beginning stu- 
dent in subject coverage and tools 
and methods of problem solution. In 
the last section a preview of basic en- 
gineering sciences (mechanics, ther- 
modynamics, electrodynamics, engi- 
neering economy) is included to give 
the reader a practical, if elementary, 
concept of the fundamental laws with 
which he will be working. 


Mathematics and Computers by 
George R. Stibitz, Consultant in 
Applied Mathematics, and Jules A. 
Larrivee, Worcester Polytechnic In- 
stitute. 6 x 9 in., 208 pp. Published 
by McGraw-Hill Book Co., 330 W. 
42 St., New York 36, N. Y. $5. 


Mathematicians, scientists, and en- 
gineers can gain a better idea of the 
relationships between pure and ap- 
plied mathematics and the growing 
use of automatic computers from this 
book. It surveys the work of the ap- 
plied mathematician, the problems he 
studies, the methods he uses, espe- 
cially computation methods, and the 
computing devices that help him in 
the application of mathematics to 
the solution of complex problems in 
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science, engineering, and business. 

Computing devices and their com- 
ponents are described, especially the 
automatic digital computer, the way it 
works, and its capabilities and limita- 
tions. Non-digital computing devices 
also are covered. A treatment of the 
use of randomness in computation, 
and typical applications of computing 
devices in technology and business 
are covered. 

Of special interest are the broad 
over-all views given in the chapter on 
numerical analysis, the chapter on the 
Monte Carlo method illustrated with 
examples which are easy to under- 
stand, and the explanation of the 
binary system and various binary codes 
leading to the language used by auto- 
matic digital computers. 


Research and Development in the 
Corporation. 9 x 111 in., 93 pp. 
Published by American Institute of 
Management, 125 E. 38 St., New 
York 16, N. Y. $12. 


This study was originally prepared 
for the President's Council of the 
American Institute of Management to 
provide a method of evaluating the 
effectiveness of a company’s research 
program. Aimed at the management 
level of men who must judge research 
effort from the standpoint of cus- 
tomer, supplier, or investor it sum- 
marizes the experience of large and 
small corporations in the conduct of 
their research establishments and the 
types of projects considered. 

An abbreviated list of chapter head- 
ings includes: department organiza- 
tion, expenditures for research, budg- 
eting, facilities, personnel, source of 
projects, evaluating results, and simi- 
lar information needed by management. 

One major conclusion has been 
reached. The average smaller com- 
pany is neglecting profit opportunities 
because it is misinformed as to cost, 
probability of success, arduousness of 
research, and its own fitness to under- 
take it. The company which has spent 
and is spending more on productive 
research than its competitors is, or 
will be, the leader of its industry. 


Perspective —A New System for 
Designers by Jay Doblin, 914 x 
1214 in., 68 pp. Published by W hit- 
ney Publications, Inc., 18 E. 50 St., 
New York 22, N. Y. $5. 


This volume presents a new system 
for drawing which is said to eliminate 
errors in product design, and speed 
up procedures that normally involve 
complicated mechanical drawings. Ie 
describes a basic method of drawing 
an object in direct perspective. Be- 
cause it is direct, the designer has 
more control over the finished prod- 
uct, and can work faster because he 
by-passes elevations and plans usually 
used in three-dimensional impressions. 
The perception method can be ap- 
plied to the designing of any kind of 
product. 

The author, a past president of the 
American Society of Industrial Design- 
ers and a former executive designer 
with Raymond Loewy Associates, as- 
sumed leadership of the Illinois Insti- 
tute of Technology's Institute of De- 
sign school in 1955. 


FBI Register. 942 x 71 in., 1124 
pp. Published by Iliffe & Sons, Ltd., 
Dorset House, Stamford St., Lon- 
don S.E. 1, England. Approximately 
$5.70. 


This comprehensive guide to a sub- 
stantial cross-section of British indus- 
try lists the products and services of 
over 7000 member firms under more 
than 5400 alphabetical headings. In 
addition to the classified buyers’ guide 
there are seven other sections in the 
register, giving addresses of companies 
and firms, and valuable information 
about trade associations, proprietary 
names, trademarks. 

A feature providing a useful ref- 
erence for buyers not fully conversant 
with British product terms, is the 
French, German and Spanish glos- 
saries. The glossaries give translations 
of every product and service term used 
in the main buyers’ guide, each being 
numbered for easy reference between 
the English headings and their French, 
German and Spanish translations 
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Fig. 1 — Graphical representation of the production and use of parts. + 
Curve-is cyclic and having a direct relation to the order point. 


From: Tool Engineer 


Time (months) 





NOMENCLATURE 

value of each piece, dollars 
consumption during lot produc- 
tion time, pieces 
minimum quantity in stock, pieces 

= annual carrying charge per dollar 
of inventory, dollars 
monthly consumption, pieces 
ratio of machining time to lot size, 
months per piece 

= costs per piece, dependent on lot 
size, dollars 

= lot size, pieces 

= lot production time, month 
setup cost per lot, dollars 
constant travel time during lot 
production, month 








Economic lot size 
for Manufacture 


EDWARD C. VARNUM, head, operations research, Barber-Colman Company 


Production costs and inventory costs are both dependent on manu- 


facturing lot size. Financial group desires to keep lot size small to 


reduce inventory. Production group wants high production to re- 


duce setup cost per piece. Nomogram permits selection of eco- 


nomical lot size based on known and assumed costs 


To REACH an unbiased compromise 
between the conflicting viewpoints of 
the financial and production groups 
for inplant manufacturing, a factual 
mathematical approach to economic 
lot size is possible. A mathematical 
model can be made by expressing the 
total cost per piece as a function of lot 
size in an equation. A graph would 
show that as the setup cost per piece 
decreases, the inventory cost per piece 
increases. The composite cost curve 
drops to a low point and then rises; 
the low point indicating the economic 
lot size. 

Because it would be tedious to plot 
such a curve for each lot, reasonable 
assumptions can be made about the 
opposing influences on the total cost 
per piece. A mathematical formula 
can be written to correlate these as- 


A? 


sumptions. By operating on such for- 
mulas with differential calculus, it is 
possible to determine the lot size for 
which costs will be a minimum. 


Model assumptions. To derive a gen- 
eral formula to calculate economic lot 
assumptions must be 
made. These must be thoroughly con- 
sidered before the formula can be ap- 
plied to production in a plant with its 
own specific circumstances. 


size, Various 


It is assumed that the number of 
pieces required each month, m, is a 
known constant. A minimum number 
of pieces, d, will be maintained in 
stock at all times. 

Another assumption is that inven- 
tory increases uniformly from the time 
the lot is ordered until the entire lot is 
sent to stock. This averages out the 


actual process which consists of inter- 
mingling machining time and travel 
time. The maximum inventory at any 
time will be the number of pieces in 
reserve, d, plus the number of pieces 
in the lot. L. It is also assumed that 
inventory decreases uniformly 
the time the entire lot is sent to stock 
until the time a new lot is ordered 
This is an averaging assumption that 
reflects actual usage. 

It is assumed that the 
charge is proportional to the dollar 


from 


carrying 


value of the inventory. Inventory value 
is known from the value, c, of each 
piece. Setup cost for a lot, S, is known, 
but it is independent of the lot size 
The setup cost per piece does depend 
on the lot size. 

Total time required to process a lot 
depends on the size of the lot. At first, 
this required time in months is denoted 
as P to indicate that it depends on lot 
size in a general way. Later, the total 
time to process a lot is assumed to be 
a constant travel time, T, added to a 
machining time, vL, which is propor- 
tional to lot size. 


Carrying charges. The total carrying 
charge depends on the value of the 
pieces involved times the number of 
months each is kept times “2 of the 
annual carrying charge rate. To com- 
pute this total carrying charge, a graph 
of the number of pieces contributing 
to this charge, based on the foregoing 
assumptions, is plotted against time, 
Fig. 1. There is an area under the 
curve for each lot. This area repre- 
sents the mathematical product of 
pieces times the number of months. 
The under-the-curve area in Fig. 1 
is found by considering it as a triangle 
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Fig. 2—General-purpose nomogram for determining economic lot size. 
Carrying charge factor can vary from 5 to 30 per cent. 


with base L/m and height L-b placed 
on top of a rectangle with a base of 
L/m and height of 6 
the number of pieces used during the 
lot production period. At the usage 
rate of m pieces per month, / is sim- 
ple mP. The shaded area, A, is: 


d, where b is 


L(L —b L 


m 2 me 


L [ ' 21 
2m L+mP + 2% 


Dividing this area by L and apply- 
ing the carrying charge rate, the car- 
rying charge per piece is: 


ke 
e nP + 2d 
24m [1 + mi 24 | 


Best lot size. Since the setup charge 
per piece is S/L, the cost per piece 
that depends on lot size is: 


b 


S keL cP 
i 


The last term in Eq (2) is omitted in 


Eq (3) because it does not change with 
lot size. Labor, material and other 
costs not related to lot size are also 
omitted because only costs pertinent to 
lot size have any influence on lot size. 

Plotting the curve represented by 
Eq (3) would indicate the minimum 
value of y and economic lot size deter- 
mined by inspection. It is easier, how- 
ever, to find the value of L for which 
y is a minimum by setting dy/dL equal 
to zero and solving for L. Thus: 


dy . S ke ke dP 


"saaz-° “ 


dL L2 24m 


In general, if P is an involved func- 
tion of L, Eq (4) would be solved by 
substituting values of L into the left 
member until a value sufficiently close 
to zero is obtained. Based on the sim- 
plifying assumption that P = T +- vL, 
however, v can be substituted for 
dP/dL and Eq (4) can be solved ex- 
plicitly for L, pieces in a lot. 


Product Engineering — Mid-October, 1957 


GENERAL ENGINEERING 


V a 


Calculating methods. To evaluate L in 
Eq (5), the numerical values of m, S, 
c and k (1 my) are found and the 
indicated mathematical processes are 
performed. Of the 
which this calculation could be per 


many ways in 
formed, the most convenient method 
is to make a nomogram, Fig. 2. Other 
methods of evaluating L from Eq (5) 
include special-purpose slide rules, or- 
dinary slide rules, long hand calcula- 
tion, desk calculator operation, or 
digital computer programs. 

The various factors that make up 
the value of & include return on invest- 
ment rate, storage costs and pertinent 
handling charges. From a study of his- 
torical data, the (1 my) factor can 
be set up as an average figure and the 
whole factor, k (1 my), can be used 
as a constant in the nomogram. The 
general nomogram, Fig. 2, covers com- 
binations of k, m and v factors ranging 
from 0.05 to 0.30. 

In the example shown on the nomo- 
gram, k is assumed to be 0.10 and mv 
is taken to be 1.4 so that the & (1 
my) factor is 0.24 or 24 per cent. The 
setup cost is $30.00; a monthly usage 
of 600 units and a unit cost of $20.00 


gives an economic lot of 300 units 


Input data. In actual practice, reason 
able values for S, m and c are obtained 
only with difficulty 
groundwork has already been done by 


unless the basic 


the standards, sales or methods depart- 
ments. For example, setup costs may 
be obtained from the standards de- 
partment or from the operation chart 
used in conjunction with a route card 
for the job 

Unit costs may be obtained from 
the standards department or by con 
sidering the operations § involved 
Values of m may be found from a 
combination of sales department fore 
casts and historical data on repair part 
requirements. Past experience can be 
a guide to setting usage figures, along 
with forecasts based on predicted gen- 
eral trends and specific influences on 
future orders. 


REFERENCE: 

How to Pick the Economic Lot Size 
by Edward C. Varnum, Head, Opera 
tions Research, Barber-Colman Co., 
Rockford, Ill. Published in the Tool 
Engineer, November 1956, pg 85-88 
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Fig. 2—Self-balancing potenti- 
ometer. Input signal voltage to 
the recorder is compared against 
the slide wire voltage. Difference, 
or error, voltage is applied to a 
nulling amplifier which drives a 
balancing motor. Motor repositions 
the slide to tap off a voltage equal 
to the input. Time base is obtained 
by constant-speed driving of the 
chart paper over the rolls, 
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Fig. 1—Typical setup for a 
dynamic measuring system. 
Transducer gives a signal 
proportional to the physical 
event being measured. 
Matching network  trans- 
forms the output signal from 
the transducer to a value 
sufficient to drive the re- 
corder. Recorder converts 





the incoming signal to a 
record of the phenomena 


with respect to time. 
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General Motors Engineering Journal* 


Recording instruments for 
dynamic measurements 


JOHN L. HARNED, General Motors Research Staff 


Mansy engineering measurements can 
be made by using instrumentation 
which simply indicates the value of 
phenomena which are motionless or 
slowly changing. However, the dy- 
namic measurement of rapidly varying 
phenomena is becoming increasingly 
important, and most often a record 
must be obtained from which informa- 
tion subsequently can be analyzed. 
information on dynamic phenomena 
requires studies of dynamic measure- 
ments to determine the relationship of 
rapidly varying physical phenomena 
with respect to time; to obtain instan- 
taneous comparisons between physical 


* The Journal is available regularly only to engi- 
leering educators and technical libraries, 
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phenomena; to measure peak and/or 
minimum values; and to compare dy- 
namic performance test units to a 
norm. 

Typical dynamic measuring instru- 
mentation consists of a transducer, the 
matching network, and a recorder as 
shown in Fig. 1. Actuation of the re- 
corder may be by means of direct- 
connected mechanical linkages, by 
pneumatic or hydraulic pressure, or by 
electricity. Electrically actuated re- 
corders are used almost universally. 

These recorders can be broken into 
5 specific types: (1) self-balancing po- 
tentiometer; (2) high-speed pen motor 
recorder; (3) light beam oscillograph; 
(4) magnetic tape recorder; and (5) 
cathode ray oscilloscope. The recorder 
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characteristics and the application usu- 
ally determine the type unit to be used. 


CHARACTERISTICS OF RECORDERS 


Recorders are selected to meet an 
intended job application. Table I in- 
dicates the 5 primary characteristics 
common to all recorders: (1) frequency 
response; (2) accuracy; (3) form of 
presentation; (4) number of channel; 
and (5) sensitivity. 


Frequency response. In the pen or 
stylus type the limit on upper fre- 
quency response is dependent upon the 
mass of the stylus and drive mecha- 
nism. Acceleration forces increase di- 
rectly with deflection amplitude and 
as the square of the driving frequency. 
As the upper frequency limit is in- 
creased, the mass being driven must be 
reduced to keep the driving power 
within practical limits. 

This is shown in comparing the self- 
balancing potentiometer, the high- 
speed pen motor recorder, and the 
light beam oscillograph with stylus 
masses of about 300 gm, 7 gm, and 
0.01 gm respectively. High frequency 
response of the cathode ray oscillo- 
scope is directly caused by the infini- 
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GENERAL ENGINEERING (A) 


Fig. 3—Application of self-balancing potenti- 
ometer. (Upper left) Helium gas passes over a 
reference thermistor and enters the thermal bath. 
Sample gas is injected and carried by the helium 
through the thermal bath where decomposition 
occurs. Helium and sample gas composition 
products passing over the detector thermistor 
produces bridge unbalanees caused by changes 
in thermal conductivity. (Lower left) Record 


produced shows a gas mixture of butane and C4 
isomers. Identification of the gas products is 
made by their position on the time axis. 
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tesimal mass of the electron beam. 
Complex wave shapes containing 
many harmonic components are typi- 
cal of the data obtained in industrial 
recording. The frequency response 
band of the recorder should reproduce 
all harmonic components. In selecting 
a recorder for handling complex wave 
shapes, the upper limit of the fre- 
quency response band should be 10 


Table Recorder Characteristics 


times the fundamental frequency being 
recorded to handle all harmonics. 


Accuracy. Recorder accuracy is af- 
fected by linearity, stability, repeat- 
ability and resolution. Zero drift and 
span calibration changes will result if 
a recorder has poor stability. Repeat- 
ability is usually not a problem unless 
very close measurements are required. 


Stylus 
vo/ foge~ 


C- \a-Stylus revolves 
: with coil 
; QS 


Fig. 4—Pen motor recorder. Galvan- 
ometer coil is driven in response to 
input current. Motor action causes the 
coil to revolve, and turning torque is 
balanced by restraining torque set up 
by the upper and lower suspension 
springs. Stylus turns with the coil, 
tracing signal variations on the chart 
paper for future reference and analysis. 


Resolution is a function of maximum 
possible deflection and trace width 
Trace width, in modern instruments, is 
such that, by careful examination of 
the recordings, a resolution of about 
0.02 in. of deflection can be obtained. 


Data presentation. In chart type re- 
corders, direct writing is desirable as 
it allows the immediate use of the 
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NOTE: Recorder sensitivities are not directly comparable due to availability of accessory amplifiers to handle low-level signals 
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Fig 5 Above—An application of the pen . 
motor recorder is for testing hydraulic 
starter motors. (A) Instrumentation setup 
for starter motor test. (B) Chart shows 
the instantaneous measurements obtained 
to determine maximum engine speed and 
peak inlet pressure to the starter motor. 
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Fig. 6 Right—Light beam oscillograph. 
(A) Mirror-type galvanometer directs a 
light beam pointer which records on a 
moving photographic chart paper. (B) 
assembly of a mirror-type galvanometer. 
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Fig. 7—Application of oscillograph. 


data. Main 
using photographic 


advantages of 
recording paper 
(1) faster writing speed possible 
for recording high-frequency phenom- 
ena; and (2) the full chart width 
available to each channel on multi- 
channel units. 

Visual presentation can be used for 
repetitive type 
either the oscillograph or oscilloscope. 
The magnetic type recorder presents 


systems 


are: 


observing data on 


data in electrical form suitable for ad- 
ditional processing instru- 
ments, such as frequency spectrum 
analyzers, recorders, and analog com- 


into end 


puters for analysis of the trace. 


Number of channels. Versatility of the 


recorder depends on the channels 


Aé 


Channel 
Channel = 
Channel #4] 


corrier amplifier 


(A) Instrumentation for 
testing a gas turbine engine. (B) Vertical timing lines on the 


O psi reference 





pressure 








@3-—_ 


























B O reference 
oe 
°o 














Wren arene 
Gasifier speed not connected 
= » wale sel a 


i Allis 


ON RAD a Asal 





4- Shaner O rpm 


(A) 


for analysis 
available. from | 
channel on a self-balancing potenti- 
ometer to 70 or more channels on a 
light beam oscillograph. 


Number may vary 


Sensitivity. This is not a major prob- 
lem because a 0 mv to 5 mv span can 
be obtained readily on all recorders 
either through basic recorder sensitiv- 
ity or by using accessory amplifiers. 
However, great simplification of equip- 
ment in multi-channel recording appli- 
cations results when units with high 
basic sensitivities are used. 


APPLICATION OF RECORDERS 


Self-balancing potentiometer. Instru- 
ment is inherently capable of produc- 
ing high accuracy. The 0.5 per cent 


reference 


(B) 


record are spaced 0.1 seconds apart. Breaks in data traces are 
identification 


of the various trace components. 
accuracy is obtained by using a stand- 
ard cell reference voltage and a high 
gain amplifier to obtain a high motor 
torque vs input error voltage relation- 
ship. Fig. 2 is a typical schematic of a 
self-balancing potentiometer. 

A typical application is in 
chromotography, an analytical method 
for the qualitative and quantitative 
determination of the composition of 
gases and volatile liquids boiling up to 
300 C, as shown in Fig. 3. Other ap- 
plications include: brake dynamometer 
torque measurements; monitoring and 
controlling heat-treat furnaces; and 
gas turbine component testing. 


gas 


High-speed pen motor. This recorder 
features direct presentation of events 


Product Engineering—Design Digest Issue 





in the frequency band from 0 cps to 
100 cps. Fig. 4 shows a schematic of 
the high speed pen motor. 

The high-speed pen motor recorder 
has its greatest value where a qualita- 
tive picture is required. A typical ap- 
plication is for testing hydraulic motor 
starters for Diesel engines, Fig. 5, 
where the data are used to evaluate 
design changes. Other applications in- 
clude: clutch plate studies; metallurgi- 
cal investigations; and compressor 
surge and stall problems. 


Light beam oscillograph. A_ mirror- 
type galvanometer permits high fre- 
quency response and good accuracy. 
Units are available, ranging from 6 to 
70 channels. Light beams can be criss- 
crossed without interaction, thus al- 
lowing the traces to be superimposed 
and making available the total chart 
width deflection for each channel. Fig. 
6 is a schematic of the unit. 

A typical application, Fig. 7, is in 
testing automotive gas turbine engines. 
Other applications include: dynamic 
studies of piston and piston ring be- 
havior; investigation of stress condi- 


tions caused by transient temperature 
differentials; and vibration studies of 
ball-joint steering, suspensions and 
clutch plates. 


Magnetic tape. Usefulness lies in the 
ability to store data in magnetic form 
and to reproduce it repeatedly in elec- 
trical form for further processing. The 
unit is not an audio tape recorder, but 
an iastrumentation tape recorder using 
frequency modulation techniques. 

The main difference between the in- 
strumentation and audio types of mag- 
netic tape recorders is in the recording 
technique used. Audio units use a di- 
rect recording technique where the 
magnetic flux density of the tape is 
directly proportional to signal ampli- 
tude. Because of non-linear magnetic 
characteristics and variations in mag- 
netic media density, poor amplitude 
accuracy results. Also, the recording 
of static levels is impossible. Instru- 
mentation tape recorders use wide 
band frequency modulation to put the 
data on tape for analysis. 

An application of an instrumenta- 
tion tape recorder, Fig. 8, is in pro- 


Fig. 8 Right—Dynamometer programming using tape 


recorder. Dynamometer subjects the engine to speed 
and torque conditions which have been recorded 
previously on tape in actual traffic situations. 


Fig. 9 Below—Cathode ray oscilloscope. Electrons 
impinge on a phosphorous screen, producing visual 
electron beam path. Saw tooth 
generator provides a time base. Beam path is controlled 
by electrostatic potential applied to the vertical and 


indication of the 


horizontal deflection plates. 


Fig. 10 Below right—Application of the oscilloscope in 
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gramming engine and chassis dyna 
mometers for speed and torque tests 


Cathode ray oscilloscope. Operation 
is based on the cathode ray tube, Fig. 
9, which has a high frequency re- 
sponse limited by the amplifier needed 
to raise the input signal level. Visual 
presentation of repetitive signals is 
adequate for all frequencies above 
about 10 cps. High-persistent phos- 
phorous screens lower the visual pres- 
entation to 1 cps. Transient phenome- 
non can be photographed. 

A typical application is the record- 
ing of pressure-time cards of an inter- 
nal combustion engine, Fig. 10. The 
oscilloscope also is applied to com- 
pressor surge and stall studies, spark 
ignition investigations, and hydraulic 
pump noise 2nd pressure pulsations. 


REFERENCE: 

Recording Instruments Aid Research 
Involving Measurement of Dynamic 
Phenomena by John L. Harned, General 
Motors Research Staff. Published in the 
General Motors Engineering Journal, 
January-February-March, 1957, pp 18-23. 
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producing a pressure-time card recording of an engine. 


Recorded data are used to study results of engine design 
changes such as valve opening, compression ratio and 


combustion chamber shape. 


Control grid 
Cathode / 
i 


Focusing anode 
Accelerating anode 
Vertical 


-——> 








Torque 
contro! 


Lesa 


To dynamometer 
control console 

















Tape transport 





Engine speed 


PA deflection plates 





Os 


ve 








Engine torque 








Spork plug 





Qual/- beam 
oscilloscope 








Mognetic 
pickup 


pressure 


indicator Synchronizing 


pulse 
Low level | 
amplifier Cha, Y 5 


Y-axis X- axis 
amplifier amplifier 
4 om | 
/nput 
signa/ 
voltage 






































Phosphorus 
coated 
viewing 
screen 

















Channe/ 








Cylinder 
pressure 


Horizontal 
deflection 
plotes 








generator 











Cronk angle 








Product Engineering — Mid-October, 1957 





Prem: NRMC Bulletin No. 19 


Filing equipment standards for 


Presented are the various points 
management should consider in 
determining the filing equip- 
ment best suited to a particular 
organization. Data are based 
on a research project under- 
taken by the National Records 


Management Council. 


ENGINEERING drawings tracings, 
blueprints and similar material—must 
be filed to be properly protected and at 
the same time, readily available for 
use. Also, filing costs must be kept 
within reasonable limits. To accom- 
plish these objectives, a knowledge of 
the types of filing equipment available 
and the factors used in analyzing and 
rating the equipment simplifies the 
over-all filing problem. 

There are four major types of equip- 
ment available for filing engineering 
drawings. A representative selection of 
each type which vary in size with the 
drawing size to be filed are: 

e Horizontal or Flat Files. Ten 
drawer units; approximate size: 43 in. 
wide, 28 in. deep, 41 in. high; drawers 
2% in. high. 

e Hanging Files. Closed metal cabi- 
net, fitted with hangers; approximate 
size: 36 in. deep, 72 in. high. This type 
is also made as an open unit with a 
metal or wood frame. 

e Vertical Files. Access is from the 
top, fitted with pockets and compres- 
sor springs; approximate size: 43 in. 
wide, 30 in. deep, 36 in. high. Three, 
four and five drawer vertical filing 
cabinets are also available. 

e Roll Files. Closed metal cabinet 
with filing bins designed to hold 112 
open fiber tubes vertically. The tube 
unit is permanently fixed and tilts for- 
ward. Variations of roll files are pigeon 
holes and open shelving units designed 
to hold drawings horizontally with and 
without the open fiber tubes. 


DESIRABILITY OF EQUIPMENT 
There are six basic factors essential 


A’ 


to judging the desirability of equip- 
ment: (1) cost; (2) accessibility; (3) 
protection against wear and tear; (4) 
protection from environment; (5) se- 
curity; and (6) space utilization. 


Cost. Two factors must be considered: 
(1) the average purchase price for 
standard units of equipment; and (2) 
the cost per year of filing one draw- 
ing, reflecting both purchase price and 
space utilization. Table I shows the 
cost rating of filing drawings. 


Table I—Cost of Filing Drawings 





| 
If the cost per year | 


per drawing is Cost is rated as 


$6.12 or more 


0.10—0.12 


Very high 


High 
0.075-0.10 | Moderately high 


0.035—0.075 | Moderate 





0.025—C.035 | Low 





0.025 or less Very low 
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National Records Management Council, Inc. 


engineering drawings ALAN G. NEGUS, vice presiden 


Accessibility. The ease of filing, find- 
ing, removing and returning a drawing 
to a unit. 


Inactive 





Per Cubic Foot 
(No. of Drawings) 


Active 
39 


Protection against Wear and Tear. 
Protection provided by the equipment 
against a drawing being torn, wrinkled, 
cracked, smudged or otherwise dam- 
aged either accidentally or in the 
course of normal filing and finding. 


| 


re Foot 

rawings) 

Inactive 
225 


of be 


185 | 250 
| 


Active 
165 | 
37 


Per 


(No. of Drawings) |(No. 





2,000 165 


| 
| 


Space Utilization—Capacity 


Protection from Environment. Protec- 
tion provided by the equipment against 
a drawing being damaged by dust, dirt, 
grime, moisture or similar environ- 
mental conditions. 


1,250 
1,000 | 


1,000 | 
600 


Inactive 


| Active 
750 | 1,000 | 
4,000 


Per Unit 


Security. Protection provided by the 
equipment itself against unauthorized 
or chance scrutiny of a drawing in the 
course of normal operation; without 
the aid of additional safeguards. 


Security 
Excellent 
Excellent 
Excellent (| 1,500 
Very Good 
Very Good 
0.123 | 0.074 | Fair to Good | Fair to Good | Fair to Good | Fair to Good 


| 
| 
| 


Space Utilization. The space factor is 
reflected by the following three meas- 
ures: 

e Capacity: The number of active 
or inactive drawings that may be filed 
in one standard unit. 

e Drawing capacity per cubic foot: 
Equipment capacity to floor area oc- 
cupied is determined by dividing the 
standard unit capacity by the number 
of cubic feet in the unit including aisle 
space. 

e Drawing capacity per square 
foot: Since height is a factor, it is valu- 
able in judging those units that can be 
stacked one on the other within the 
same space. Drawing capacity is deter- 
mined by dividing the capacity of a 
series of units by the number of square 
feet of floor space, including aisle 
space, occupied by the unit. 





Protection 
from 
Environment 
Excellent 
Excellent 
Very Good 
Excellent 


Very Good 
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Tear 


Fair to Good 


Protection 
Against 
Wear and 
Excellent 
Very Good 





Fair to Good 





Good 
ent 


Very Good 


Accessibility 





Fair to Good | Fair to Good | 





Table 1l—Summary Comparison of Equipment 


Excell 


| 0.152 | 0.115 | 





Inactive 
$ 


Per Year for 
0.026 


| 0.025 





Filing 


Cost 
0.061 | 0.046 | 


300 | 
185 | 0.127 | 0.095 | 
100 | 0.078 | 0.067 


0.035 
| 0.037 








50 


BANKING OF FACTORS 








The six factors are not of equal im- 
portance. Based on experience, for 
active filing, the evaluation factors 
rank in the following order. 

1—Accessibility 

2—Space utilization 

3—Protection against wear and tear 

4—Cost 

S—Protection from environment 

6—Security 

For inactive or sémi-acfive filing, 


2. Pigeon holes 


EQUIPMENT 
HORIZONTAL OR FLAT FILES 


1. Drawers 2'4” high 
pockets and compressors 


follower-block 


ROLL FILES 






































3 Open shelving, closedftubes 


4. Open shelving 


1. Closed metal cabinet, bin, tubes | 





2. Open metal frame with hangers 
1. Access from top, pockets and 


3. Open wooden racks 


VERTICAL FILES 





1. Closed metal cabinet with 








2. Filing cabinet, 3-drawer, 
3. Filing cabinet, 5-drawer, 





HANGING FILES 
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Table I1l—Rating Chart for Equipment Selection 





Factor Weigh 


1 
Accessibility 
Protection against wear and tear 
Space utilization 
Cost (per drawing per year 


Protection from environment 


Security 


Rating Points 


4 


Good 4 


Good 


Poor 


Low 


Excellent 


Good 





the factors rate as follows 
Space utilization 
Cost 
Accessibility 
Protection against environment 
Protection against wear and tear 
6—Security 
These rankings can and will vary 
for many applications. Each organiza- 
tion must determine the importance of 
the factors equipment 
according to individual needs. 


and evaluate 


ANALYSIS OF EQUIPMENT 
The available equipment may be 
analyzed by applying the six evalua- 
tion factors. Table If summarizes the 
findings and ratings of the various 
types of equipment. 

In using the table, the rating for one 
factor should be balanced against 
those for other factors. For example, 
the only type of equipment rated “ex- 
cellent” on accessibility is rated “poor” 
on security. If the drawings are not 
classified information, the poor secur- 
ity is insignificant. If security is im- 
portant, either another type of equip- 
ment should be selected or the entire 
filing area should be protected, thus 
making accessibility difficult. 

In judging the cost factor, the initial 
purchase price and the annual cost of 
filing a drawing are considered to- 
gether. Some equipment is compara- 
tively inexpensive but the annual cost 
of filing a drawing may run high. The 
element balanced 
against the other factors. For example, 
the equipment that ranks “excellent” 
for accessibility rates “moderate to 
moderately high” on summary cost. 


cost also must be 


RATING THE EQUIPMENT 
lo plot the six rating factors visu- 
ally, a rating chart and scale may be 
used which compares the factors based 


on individual needs. Table HII shows 


Ald 


the scale factors for rating the equip- 
ment. The procedure is as follows: 

1—Rate the 6 factors—accessibility, 
cost per drawing per year, protection 
against wear and tear, protection from 
environment, space utilization and se- 
curity—in order of importance to the 
organizational needs in col. (1) of the 
chart. For example, if accessibility is 
the major consideration place it first in 
the chart; protection against wear and 
tear next, place it second; and if secur- 
ity is insignificant rank it last. 

2—In col. (2) of the chart list the 
following factor weights in order of 
rank. 


Factor ranked Is weighted by 


First 
Second 
Third 
Fourth 
Fifth 
Sixth 


Thus, accessibility has a weight of 
6 points, while security is rated at one 
point. 

3—From Table II, list in col. (3) 
the evaluation of each factor for the 
specific equipment being rated. The 
evaluation for cost per drawing per 
year is taken from Table I. For exam- 
ple, for the vertical file with accessibil- 
ity from the top, “accessibility” is rated 
as “good,” “security” is rated “good,” 
cost per drawing per year is $0.028 
and from Table I is rated “low.” 

4—Mark in col. (4) the point values 
assigned to each factor in accordance 
with the following rating except for 
cost per drawing per year. 


When factor Score 
is rated points as 
Poor 0 
Fair 2 
Good 3 
Very Good 5 
Excellent 6 


Point values for cost per drawing 


per year are as follows: 
When cost 


pe: drawing 
is, $ 


Equipment Score 
cost is points 
rated as 


Very high 
High 
Moderately high 
Moderate 
Low 
Very low 10 


over 0.12 
0.119—0.10 
0.099—0.075 
0.074—0.035 
0.034—0.025 
0.024 or less 


5—Multiply the weight factor, col 
(2), by the points given for each rating, 
col. (4). This gives a combination of 
how important each factor is by rank 
and how well the equipment rates on 
each factor. 

6—Total the points. The higher the 
point score, the better the equipment 
will meet the organization needs of 
the engineering department. 


CONCLUSION 

The many types of equipment cur- 
rently available satisfy most needs and 
preferences. On the basis of the data 
presented, the following conclusions 
may be made. 

1) Each organization must rate the 
equipment to its own particular set of 
conditions and preferences. Rating 
scale can only be used as a guide. 

2) For active filing in an office area, 
hanging or vertical units are prefer- 
able. Both rate high with respect to 
accessibility and have low annual cost 
for filing drawings. Filing cabinets 
with access to the front are suited to 
smaller drawings. The drawings are 
accessible, protected and the cost per 
drawing per year is low for small 
drawings. 

3) For inactive filing, those units 
that can be stacked should be used. 
The use of open shelving and closed 
tubes offers good protection and secur- 
ity at a low annual cost per drawing. 
The disadvantages of a possible acci- 
dent hazard with stacked units, and of 
indexing with shelving units can be 
more than offset by the savings in cost. 

4) Very long drawings (over 48 in. 
long) are best in files that give an effec- 
tive combination of maximum protec- 
tion, accessibility and reasonable cost. 


REFERENCE: 

Standards for Filing Equipment for 
Engineering Drawings—Technical Infor- 
mation Service, No. 19, National Records 
Management Council, Inc., New York. 


Product Engineering — Design Digest Issue 





GENERAL ENGINEERING (A) 





PRESS 





P72 Holes 
HB Shotts 


imits and -— 5 
fits 7 


, 
H. G. CONWAY Over: To | ry 

Short Brothers & Harland Ltd., or - — 
Queens Island, Belfast, Ireland 


To scole for |.75 in. dia 
All tolerances in units of 0.00! in 





s6 
LH 


Shofts 
with | with | with 
Hole 
H8 
r? 


| 
| 
| 
+ 





+ 


oO!) 
| 


on|onwloolowl|on|on 
on 


aT 
al 
] 


H+ eel e+e 4 +444 


| 

| 

| 
= 
- 
oe 


| 
+ 


°o 
o-|o°o 





o| 
— 
oO 
| 
4 


In FEBRUARY 1956, Product Engineer- 
ing published a group of charts listing 
clearance, transition and interference 
fits as recommended by the American 
Standards Association. Individual com- 
panies were expected to choose, from 
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among the many combinations avail- 
able, a set of shaft-hole combinations 
most suitable for the particular manu- 
facturing facility. 

The following tables comprise one 
such selection made by one Division 
of the author’s company. This division 
is concerned with precision mechani- 
cal and hydraulic equipment; similar 
charts are used in other departments. 
Reprinted and distributed to drafting 
room and shop they form a basic de- 
sign standard for fits which now re- 
flects company policy rather than in- 
dividual preference. Choice of any 
particular shaft-hole combination is 
further defined by sample applications 
at the bottom of each chart. 

Except where otherwise noted, holes 
are limited to the following 
standards. 


three 


H7—Bore of high accuracy, produced on 
lathe, or ground. Difficult to work on 
horizontal boring machine. Very difficult 
to mill widths. 


H8—Normal general purpose hole for 
average size holes; accurate hole on larg- 
er sizes produced on horizontal boring 
machine. Good quality milling. All rub- 
ber ring bores in which pistons slide at 
high pressure require this hole. 


H9—Low pressure rubber ring bores. 
Normal milling, e.g. as on lug widths. 
Length dimensions in turned parts, e.g. 
shouldered bolts. 


On 
om 
++ 


7.09 - 


= ———— | 


9.85 — 11.03 


11.03 — 12.41 





| 12.41 - 13.98 

- ——— 
(3.98 - 15.75 

| 15.75 -17.72 


» 





17.72 - 19.69 


F8—Oversized hole in sliding tube bush 
pressed in with H8/r7 OD fit. Allows for 
bore closure but requires special investi- 
gation in each case. Not strictly a press 
fit. Resultant size 
housing is H8. 


after pressing into 


H7 /p6—General press fit in steel housing 
only. When used with bushes, bore of 
bush will need re-reaming. 
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H7/s6—Precision press fit of steel into 
light alloy housing which is seldom if 
ever to be disturbed. 


H8/r7—Sliding tube bush pressed into 
light alloy housing using oversize bore to 
allow for closure. 


H8 /s7—General purpose press fit in light 


alloy housing. When used with bushes, 
bore of bush will need re-reaming. 


All 
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TRANSITION FITS 
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H9/h9—General purpose width of male part, not rotating, with ball bearing shafts) which require accurate location and 
and usually clamped end-ways. high accuracy. 


H8/h8—General purpose rough spigot that can be dismantled, H8/k7—Dstortionless light press fit; will generally prevent 
e.g. lock housing on hydraulic cylinder. rotation. 

H9/d9—Width of male component fitted between lugs 
H8/j7—Fit suitable for use with furnace brazed parts, but re- clamped up on to male part made to H9. 
quires some selective assembly. 


H9/e9—General freely rotating width fit, on end fitting of 
H7/j6—Spigots on pumps and other components (e.g. those hydraulic cylinder, etc. 
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H8/f9—Flash chromeo piston rods, pre-ground to special 


thread (i.e. screwed spigot), e.g. piston In piston tube on shock 
limits. 


absorber struts. 


H8/f8—General sliding lubricated or greased fit (not with 
rubber rings): sliding tubes, toggle pins, end fitting pins, etc. 


H7/g6—Fine sliding fit, glandless pistons as on shuttle valves. 


E8/k7—Special rotational bearing fit equivalent to H8/f8 (or 
f7) used when shaft is already made to k7, and located fa 
some other (H8) bore in which it does not rotate, e.g. rotating 
bearing on toggle pin or shaft. 


H7/f7—Pistons fitted with rubber rings; piston rods in gland 
housings, unless flash plated. Special sliding fit with reduced 
maximum clearance. Locating diameter associated with screw 
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From: 


ASME Paper 


Measuring the cost of quality 


LAD J. BAYER chief industrial engineer, Warner & Swasey Co. 


A method to provide tangible information that will permit manufacturing 


cost control during early stages of design reducing cost 


and time between development and production 


































































Fig. 1 Left—SURFACE QUALITY: al | 
900 Representative cost-comparison chart 600 
in which cost is plotted with respect 500 
800 to surface quality standards, and 
limited to the turning process as done 40¢ | 
— on turret lathes. Using ths chart the —_ {300 t 
. = choice of functional surface quality for 8 200 | 
2 any application can be made, with > 
= 600 full knowledge of comparative cost. = 
3 5 '000 t -Y 
2 500 900 t a 4 
® Fig. 2 Right—DRILLED HOLES: © 800 ae 
eh From the chart it is readily apparent © |7 
E s0C that deep holes are expensive. Beyond = ‘~~ Fa } 
, the depth of three times the diameter, | 600 7 1 
a 300 the cost rises more rapidly than equal ° 500 | i | 
increments of depth. The dotted line 400 ¢ 
200 is shown to highlight the accelerated 
cost. Only standard drilling facilities 300 TI 
were covered by the data, special oil- 200 t i 
1o8 hole drills or trepanning tools would 00 | | 
reflect cost patterns at extremely wide | 
38 63 25 380 400 variance with this chart. 2348 6T 89 0 
Surface roughness value, rms epth, expressed os rotio of diameter 
‘ 
250 \. 7olerance 0.002 
\ and under 
‘ 
v4 
Fig. 3—PLANNING AND FACE- 70 . 
MILLING: The cost-behavoir chart $ 200 ‘ 
on planning, (A), demonstrates the 60 | i vd . 
effect of two quality variables; sur- = : \ 
face quality and dimensional toler- $ 3 ‘ 
ance. The variables can be judged 2 50 Tolerance 0.002 « !50 \ 
: , : = ond under ° ‘ 
separately or in combination. Sur- = ] © ‘ 
face quality being defined by coded ° +40 t 4 se 
numbers supported with visual 2 . 5 
samples, since RMS values do not © 30 s '00 
express the desired control. Ss N,. reneen'' 4 Tolerance 
The cost behavoir chart on face 5 \ over 0.002 to 0.010 over 0.002 
milling. (B), combines two vari- 5 20 iia. ie cca 
ables, surface roughness and toler- = i 50 
ance. Extremely wide cost differen- 10 —- 0.0/0 ond over+— : 
tials exist throughout the range of *ee2 | 
defined quality. 0 Mi mee, 2 
FI F2 = F3 F4 0 45 63 125 
Surface quality number urfoce roughness, rms 
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Mane FACTURING costs are largely decided by the quality 
desired in the product produced. Unfortunately, very little 
information is available on the relationship of cost to ac- 
ceptable quality standards. Quality, however, may be de- 
fined as the function, durability and appearance of a prod- 
uct. Therefore quality can be related to definable and 
measurable increments. Standards of dimensional tolerance 
and surface roughness are a few of the indicators of quality 
that may be well defined and easily measured. 


Time being a measure of cost it is possible to tabulate a 
time or cost relationship for quality standards. Fig. 1 to 6 
are plots of variables of cost against variables of quality. 
These charts were plotted to test the practicability of using 


A) 


industrial engineering data to establish tangible information 
about the cost-quality relationship desired. 

Variation in facilities, processing methods and differ 
ences in quality range will affect the character of the cost 
behavior pattern. The idea or principle, however, is appli 
cable to any manufacturing operation and charts can be 
compiled for any requirement. The ease with which these 
charts can be drawn up depends on the degree of stand- 
ardization and availability of industrial engineering data 


GENERAL ENGINEERING 


REFERENCE: “Analysis of Manufacturing Costs Relative to 
Product Design” by Lad J. Bayer, Chief Industrial Engineer, 
The Warner & Swasey Company, Cleveland, Ohio. Paper pre 
sented at the ASME Semi-Annual Meeting, Cleveland, Ohio, 
June 17-21, 1956. 



















































200 45 
70r— 25rms surfoce oi ‘ 
roughness 75+ +— Total cost - nd ‘ 
bo emexh, \ 
. \ 
2 60 7 35 ‘ 
$ ‘4 50}+— i + — 3 \ 
2 ~~ ss Diol e ‘\ | 

E s } 
> 50 ~ 3 ., “<= 2 30 ‘ i 
= . 25 +—— sf ————J U \ 

o ‘\ e =", : \ 
” ~ - 

. ‘ o _ > 25 } { 
2 40 ~ Measuring |~s_ ¢ 
4 \ < |00 pf 05t - ar 2 
5 % - ™ — >» © 20 
s 30 40Orms surface ® oo — ¢ 25 rms 
= roughness - 75 —t. Grinding _— e surfoce roughness 
® a cost © 15 } 

Vv e 
. . , = 
a 20 50 | Dna é a ‘ a “=. 
iss v 40rms 
surfoce roughness 
0 —— — 
5 ai a | | | . <63/ms a 
surface roughness 
‘ 
000! 0.00025 90.0005 0.00 “0.0001 0.00025 0.0005 0.00! 0000! 00005 0.00! 0.002 
Dimensional tolerance Dimensional tolerance Dimensional tolerance 
Fig. 4— CYLINDRICAL, INTERNAL AND SURFACE Internal grinding cost, (B), as related to dimensional tolerance, 


GRINDING: Cylindrical grinding cost, (A) show a nonuniform 
cost-behavior pattern. The 40 rms surface quality line shows 
a minor cost rise between the 0.001 and 0.0005 in. tolerances 
followed by an abrupt rise between the 0.0005 and 0.00025 in. 
tolerances. The 25 rms surface quality line reflects the usual 
cost behavior relative to tolerance reduction. 


plus some of the elements that make up total cost are shown. 
As reduced tolerance increases the cost of grinding, additional 
costs occur in the form of increased gaging and adjustment time. 
In reciprocating or surface grinding, (C), the dimensional 
tolerance range has greater cost effect than the surface-quality 
range. Cost rises sharply with tolerances less than 0.001 in. 





























a0 }—» Fig. 5 Left—CENTERLESS GRINDING: The ” 
\ | possibilities of incorporating quality features other 30 | | <- 
120 a than surface roughness or tolerance is illustrated 
Beate \. in-feed (plunge by comparing two grinding methods. In order to =; 
5 ‘ gain the benefit of the low cost “through-feed” & *°> T —— ‘ 
eee _% method on the centerless grinder, the ground ¢ 
5 ‘ diameter must be the largest dimension on the & 20 + + 4 
. 80 s o 
y \ part. If this is impractical, a generous tolerance € 
- ‘ will minimize cost when using “in-feed”. - 15 + 4 
® 60 ~ ® 
é 40 Through-feed "s,| Fig. 6 Right—ROTARY SURFACE GRINDING: & 0 + 
Rotary surface grinding figures are presented pri- 
20 marily to demonstrate that cost is not always 5 + - = 
severely effected by quality variation. Here the 
. cost increase over the given tolerance range is only 
“9.000! 0.0003 0.00 15 per cent and more than half the cost increase 0 00005 0.00! 0.002 


Dimensional tolerance 


occurs between the 0.001 and 
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From: ASME Paper 


MECHANICAL 
ASSEMBLY EQUIPMENT 


...economic considerations 


G. R. FITZGERALD 


director, process development section, General Motors Corporation 


A\sssemBty work in most industries has been traditionally 
manual. Where assembly accounts for a large portion of man- 
ufacturing costs, the mechanizing of the system has reduced 
cost substantially. This should not be interpreted to mean that 
“automation of assembly” is the solution to a wide range of 
assembly-cost-reduction problems. Automatic assembly is not 
always the best solution from an economic standpoint. In fact, 
the greatest problems in the use of automatic assembly equip- 
ment are economic rather than mechanical. 

There are a number of qualified special-machine builders 
that will develop special assembly equipment. The respon- 
sibility of solving the equipment design problems involved is 
the builders. The responsibility of the economics is the buyers, 
and to insure a wise investment in tooling and equipment the 


Vacuum-valve assembly consisting of a conventional dial 
index table with hopper feed and escapement units. Chicago 


buyer must be sure that the greatest 
economic gain with the least added 
investment is by automatic equipment. 
This can be accomplished only by con- 
sidering many optional plans. 


AUTOMATIC EQUIPMENT 
CONSIDERATIONS 


The development of optional solu- 
tions begins with a study and an analy- 
sis of costs with the existing methods. 
Cost records do not always correspond 
to factory procedures. The next, and a 
most important, step involves a thor- 
ough and complete study to determine 
how existing facilities can be used to 
maximum efficiency. This is to deter- 
mine the best manual method that can 
be developed through careful analysis 
by trained methods engineers. 

It assumes adequate work-place lay- 
outs, proper flow of stock, and accu- 
rate balance of job-work content be- 
tween the operators involved. It is not 
a method arrived at by trial-and-error 
assignment of job task but rather one 
developed through film analysis of the 
operations involved and complete con- 
siderations of all job factors. 

The data obtained in this study gen- 
erally indicate the basic-labor require- 
ments of the total assembly sequence 
and each of its parts. Using these data 
as a base, the many combinations of 


Alé 


manual and automatic assembly are 
determined. The various combinations 
evaluated will generally range from 
simple improvements and partial 
mechanization of various operations 
through total and complete mechani- 
zation of the assembly. 

Estimates of the manufacturing 
costs, both direct and variable indirect, 
are made for the various methods or 
combinations developed. These are 
then evaluated in comparison with the 
existing method and the best manual 
method to determine the potential sav- 
ings involved per unit of production 
volume. The product of the unit sav- 
ings and the anticipated volume over 
the production life of the assembly in- 
dicates the total savings that might be 
expected. In many instances, the obvi- 
ous solution is indicated. In others, it 
may be necessary to review the various 
plans with the builders of assembly 
equipment to obtain estimates of 
equipment cost to equate against the 
total saving. 

One fact usually borne out by such 
studies is that, as the ultimate in 
mechanization is reached, equipment 
costs increase at a much more rapid 
rate than the decrease in labor costs. 
This explains why some manual opera- 


riveter handles special rivets that joins the parts. 


tions exist and why assembly machines 
are usually semi-automatic. It also in- 
dicates why total automatic operation 
can be justified only with the proper 
combination of simple operations, 
high production schedules, and a prod- 
uct not subject to frequent engineering 
or model changes. 

A great majority of production situ- 
ations cannot afford such a degree of 
automation. The important factor is 
that a comparison is always made of 
all methods, not only the existing 
method to total automation. In most 
instances, there exists between these 
two methods a range of potential im- 
provement that almost any manufac- 
turer can explore to advantage. 


OTHER ECONOMIC FACTORS 


Since so much depends upon an 
adequate and thorough analysis of 
manufacturing costs, consideration 
should be given to other items of 
added cost that may be incurred with 
the use of automatic assembly equip- 
ment. 

In conirast to manual assembly, 
which allows sorting out by assembly 
operators of an occasional bar end, 
mixed part, die miscut or similar part, 
an assembly machine can be jammed 
by such items. Even though the num- 
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ber may be small, the effect can be 
compounded to the point where ma- 
chine downtime is prohibitive. The 
addition of manual or mechanical sort- 
ing Operations, changes in manufactur- 
ing procedures, and other means of 
correction may add to the cost of the 
components involved. 

In spite of the best attempts to de- 
sign mechanical assembly equipment 
for flexibility, engineering and model 
changes can be costly. If the assembly 
is one subject to frequent change, it 
may not offer good potential for auto- 
matic assembly. Or, if certain parts 
only are subject to change, it may be 
desirable to establish manual operation 
for those parts on an otherwise mecha- 
nized assembly line. 

The allocation of manufacturing- 
expense items, such as tools, equip- 
ment amortization, indirect labor, and 
others, is usually on a percentage-of- 
direct labor basis. The same percen- 
tage used on manual assembly cannot 
be accurately applied in predicting 
expense items with the use of proposed 
mechanical assembly equipment. The 
direct-labor base on which the manu- 
facturing-expense percentage is ap- 
plied is usually greatly reduced with 
such equipment. But, many expense 
items, such as maintenance, deprecia- 
tion, and others are increased. Thus, 
when the economics of the particular 
situation are borderline, the effects of 
mechanical assembly on all manufac- 
turing-expense items should be care- 
fully examined. 

Large and complex assembly ma- 
chines may require a year or more 
before being placed in production. The 
amount of time is essential because the 
limited number of standard-equipment 
answers to assembly problems means 
complete engineering, design and de- 
velopment for each machine. The time 
factor becomes more important when 
the completion of assembly equipment 
must be timed with a new product in- 
troduction or a model changeover. 
When the time schedule is close, it is 
advisable to provide temporary assem- 
bly facilities for use until the mechani- 
cal equipment is completely developed. 

Coincident with developing and 
testing of equipment is the training of 
personnel in machine operation and 
maintenance. Complete and early 
training can contribute immeasurably 
to the success of the equipment in- 
volved. Training programs arranged 
with the equipment supplier permits 
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Machine assembles various components of an automotive spark plug. 
Only manual operation is loading of the insulator assembly. 








Assembly machine for the 73 parts on a cylinder head. Machine is 137 ft long. 


maintenance personnel to become fa- 
miliar with the equipment before as- 
suming any direct responsibility for 
equipment operation. When complex 
electrical, electronic, or hydraulic cir- 
cuitry is involved and experience is 
lacking in the manufacturing organiza- 
tion, a pretraining period in these fun- 
damentals may be in order for key 
personnel. 

Obviously, design considerations in 
automatic assembly equipment is a 
subject in itself. However, economic 
considerations are of much greater in- 
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itial importance to potential users of 
such equipment; consideration of de 
sign details should come only after 
complete and thorough study of the 


economics of the assembly situation 


REFERENCE! 

Mechanical Assembly Equipment by 
G. R. Fitzgerald, Director, Process De 
velopment Section, General Motors Cor 
poration, Detroit, Michigan. ASME pa 
per No. 56-A-83 presented at the ASMI 
Annual Meeting, New York, N. Y., Nov 
25-30, 1956 
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Fig. 1—Frequency distribution 0.0620 
chart for a machining operation 0.0618 
with a specified dimension of 

0.0625 + 0.0015 in. Distribu- °°°'° 
tion indicates the need for a 0.0605 


more complete analysis of the 
machining operation and the 
machine operators technique. 
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0.0630 ; ine 
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00620 Fig. 2—Proper interpretation of 
eeeieieteek ated oe Se esceteare 
i = i r im blueprint tolerances, tool cor- 
0.0615 | . . . 
= Se ee See ERES EEE SmTilt TTT rections and improved coordina- 
BOSIC — —— Siam a dan dan toon dm Gann Fem fa Pn odode ch cath ota a eno Gen GG fa Pe ff el ed eh a | tion results in a distribution 
oo) eeReRes mel Pit | curve that closely approximates 
00600 | | the desired bell shape. 
5 1° 5 20 25 30 35 40 
Ports 
From: SAE Journal a more complete analysis of the ma- 


Realistic tolerances 


GARMON D. SIMMONS, quality control engineer, North American Aviation, Inc. 


Quality control approach to achiev- 
ing desired tolerances; reviews speci- 
fied tolerance, shop practice, equip- 
ment and operator to determine how 
to achieve desired results. 


Quai ITY control studies require one 
or more production part runs to re- 
duce the numerous variables to known 
fact. Problems involving tolerances 
can be quickly resolved after these 
facts are analyzed and the information 
made available to production engi- 
neering and supervisory personnel. 
Most organizations have a system 
for the review and solution of prob- 
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lems involving tolerances. Solution of 
these problems, usually, reflect a prac- 
tical consideration of production con- 
ditions. However, much time and ef- 
fort are often wasted before such 
problems are satisfactorily resolved. 
These delays incur additional costs 
which could be eliminated if sufficient 
data were available at the time. 

Data can be economically compiled 
by the production operator measuring 
each part as it comes from the ma- 
chine and entering it or a frequency 
distribution chart. Each space in the 
frequency distribution represents one 
measurement for one part with that 
dimension. A typical frequency dis- 
tribution chart, Fig. 1, indicates that 


chining operation and the operator’s 
technique is necessary to eliminate 
several undesirable conditions. A pre- 
liminary survey indicated that: 

A. The vacuum holddown chuck, 
used to position the part during ma- 
chining, was not in the proper rela- 
tionship to the cutting head. 

B. A tool-bit cutter was changed, 
but was not reset to original cutting 
depth by the operator. 

C. The problem of day and night 
shift coordination was evident. 

Additional correcting action in- 
cluded proper training of production 
personnel stressing correct interpreta- 
tion of blueprint tolerances. Standard 
machine shop practice of machining 
to the high side of a call out was 
eliminated and the operators were in- 
structed to “shoot for the middle” of 
the limits specified. This improvement, 
in addition to the tooling corrections, 
resulted in the frequency distribution 
shown in Fig. 2 which closely approxi- 
mates normal distribution. However, 


comparing actual part measurement 
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Upper distribution limit 
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Fig. 3—Frequency distribution analysis sheet used to plot percentages of material over and 
under specification. This can be achieved with reasonable accuracy as the shaded areas indicate. 


to the blueprint specification it was 
found that a large percentage of the 
parts still exceeded the given limits 
and required additional correction. 

A frequency distribution analysis 
sheet, Fig. 3, is used to estimate these 
percentages (shaded areas) with a rea- 
sonable degree of accuracy. Further 
production would result in 5 per cent 
of the parts being over tolerance and 
7.5 per cent under tolerance or a total 
of 12.5 per cent outside specification. 
This represents an improvement but 
is not an economically acceptance 
level because the expected total spread 
of 0.006 in. would require excessive 
rework and material review costs. 

Review of the problem by manufac- 
turing, engineering and quality control 
brought out three alternatives: 

1. Purchase new equipment capa- 
ble of holding the existing tolerance. 

2. Continue the production with 
the high rejection rate. 

3. Review the requirement for the 
existing tolerance. 

A study of the alternatives led to 
adoption of a +0.003 in. tolerance in- 


stead of +0.0015 in. originally speci- 
fied and production was to continue 
maintaining frequency distribution 
charts. Acceptability rate increased to 
97 per cent of parts produced. 

Net results of this program using 
frequency distribution charts are: 

Definitive data regarding machine 
capability has been made available. 
This information will assure that fu- 
ture parts of similar design requiring 
comparable tolerances can be ma- 
chined within these limits. 

The production foreman now is cer- 
tain of the machine capability of his 
equipment. Future parts requiring 
similar tolerances can be assigned to 
these machines, thereby reducing the 
possibility of rejected parts. 

As the operator plots the measure- 
ment for each part on his frequency 
distribution chart, he will always know 
exactly where his part measurement 
is in relation to the blueprint specifica- 
tion. This further decreases the pos- 
sibility for an operator to run an en- 
tire release of parts in error. 

The resultant savings in rework, 
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reduction of material review action, 
decreased time required to produce 
and inspect each part, and a more sat- 
isfactory product is balanced against 
the time required for the operator to 
note the measurement of each part on 
a frequency distribution chart. 

Use of the laws of probability in 

establishing tolerances requires that 
quality control be familiar with the 
methods involved, and confident of 
the advantages of such a technique. 
Quality control should act as a middle 
man and view the situation with ob- 
jectivity. Careful analysis of the prob- 
lem, selection and preparation of exact 
data, and a logical presentation to 
both design and production supervi- 
sion is of vital importance. By so 
doing, quality control aids in the solu- 
tion of specific problems and intro- 
duces new tools to all concerned. 
REFERENCE: 
“Let’s Tolerate the Tolerance,” by Gar 
mon D. Simmons, Quality Control En- 
gineer, North American Aviation, Inc 
Published in the SAE Journal, May 1956, 
pp 85-89. 
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From: Control Engineering 3 
eS 
= 
: 

ss os oo = 

Analog to digital converters are devices that express the results of measure- s {3 |e 

. . . > z a 
ments as numbers. The converter is a link between the analog instruments : = |= le 
and process, and the digital computer or other data-processing equipment. 3 = fs lz 

. . = oS S = 

The parameters are those that characterize the nature of the experiment 7 = jE Is 

a a 5 

or process: voltage, current, pressure, flow, length, mass, temperature, Ph, . 2 fe Is 

velocity, acceleration, time, frequency, force and many others. As elec- i”) = e le |= 

trical quantities are easy to handle it is reasonable to transform many of & 2 lz le & 

, o.8 3 a = 

these parameters to electrical quantities. ~ S&S jz E & 
Other parameters exist where the measurement and final indication are Y - 

shaft rotation, without the intervening electrical transformation. Analog- yj =|= 2 

= . , . © and 
to-digital converters are primarily concerned with these two parameters — > ad t= 

electrical voltage and mechanical shaft rotation. To these have been added 7? 

another convenient pair of reciprocal parameters: frequency and time oO 

O : 
MECHANISM OF CONVERSION S| S| =| sss 
—+ owe | = xl= six 
: ss 4 - — Zl Owmlowinn 
Every measurement is fundamentally based on counting the number of q 5 e+ | ejoajo~ 
units in a quantity. A whole class of converters uses this principle. The Fr & ‘ 
recently developed high-speed electronic counters are well-suited to this ( x 2 5 
Nie? = = E 
application. ra 2 © bn 
Another class makes use of what can be called a comparison principle, ' 9 
involving feedback. The unknown is compared to a series of known values ©O om 
. . . . a c 

that are accepted or rejected until equality is reached; then the accepted [|= - 3 

values are summed. A third class of converters compares the unknown to 5) ” = = 

an established scale. O 2 3 

So 
TYPICAL SYSTEMS — &§ ve < le |e 
—_ qf @ it lie 
The analog inputs are chosen one at a time in sequence by a channel Z qd a 2 = 
selector, which is driven by the control unit or programmer. From the = ~ 

channel selector, the information passes to the analog modification unit, 3 si a 

a . + ae . = > 2532S 

where a variety of operations may be performed, such as multiplication or = 2 se|2 & & stss 
—_— . . . . “Iso S3sa 
division, zero offset, linearization, temperature and pressure compensation m«¢ a |]* |= fF ie*se8 

and others. ¢ i 

“ _ ° P ° : E E E 
From the analog modification unit, the information passes to the con- - ale |e je |e 
. — - — 2s|_Sie - o 
verter where numbers are’ generated. After possibly further digital modifica- <q “ 5 sols |e |e 
tion, the numbers pass to the output units, consisting of electric type- > <|I~ |e |o |o 
writers, card and tape punches, and magnetic-tape stores. rf - 
An additional step may be added to make a digital control system, which > = alos 
after assaying the data, arrives at decisions in accordance with programmed 44 SlEsi= FF 
. . ee . oo 
criteria of performance, and then executes the decisions by feeding control & 
signals back to the process. < 
A digital-to-analog converter takes the results and converts them to () BE Ss = 12 E> 
analog quantities th hafts, throw switches orf her func- Es) ss|ssi2sis= 
analog quantities that turn shafts, throw switches, or perform other func Ss) es|/=Sslesles 
, “tip aie sane Rete z2°!13°)2*\2*\2° 
tions. Industrial application of these techniques is still primarily in the in- W S 
vestigation stage. > 
— em 
_| Sleslesi22 
AVAILABLE CONVERTERS = $/S=| PslSsle3 
Si=si siz sic’ 
” i , O =/°3/ 25/2 sisa 
The choice of a converter must take into account the variety of para- O < 


meters involved in an application, the number of channels needed, the 
sampling rate required, the number system which is most appropriate, the 
precision required, and the size, weight and power that can be tolerated 
Tables I and II list commercially available converters, together with their 
characteristics and manufactures 
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REFERENCE 
Analog to Digital Converters by George G. Bower, Riverside Research Laboratory 
Motorola. Inc. Published in Control Engineering, April 1957, p 107-118 
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Fig. 1—Relation of symbols to surface characteristics. 


From: Literature Survey 


STANDARDS 


for surface irregularities 


To acuieve the surface quality needed 
for proper mechanical operation or 
visual appearance requires a knowl- 
edge of the irregularities that make up 
any mechanically produced surface. 
For uniformity and accuracy it is nec- 
essary to designate standard surface 
characteristics, instruments, references 
and visual comparison specimens. 


DEFINITION OF TERMS 
Surface of an object is the boundary 
that separates it from another object. 
The nominal surface is the theoreti- 
cally accurate shape shown and di- 
mensioned on drawings and in specifi- 
cations. 


Surface irregularities, including rough- 
ness and waviness, are designated as 
deviations from the nominal surface. 


Profile is the contour of a section per- 
pendicular to the surface. 


Roughness consists of the finely spaced 
surface irregularities, the height, width 
and direction of which establish the 
predominant surface pattern. Rough- 
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ness height is the arithmetical average 
deviation from the mean line rated in 
microinches. Roughness width is the 
maximum permissible spacing between 
repetitive units of the surface pattern 
rated in inches. The roughness width 
is used to establish the roughness- 
width cutoff value which is always 
greater than the roughness width un- 
less otherwise specified. Roughness- 
width cutoff is the maximum width in 
inches of surface irregularities in- 
cluded in the measurement of rough- 
ness height. 


Lay is the direction of the predominant 
surface pattern usually produced by 
tool marks or grains of the surface and 
is ordinarily determined by the pro- 
duction method used. 


Flaws are irregularities that occur at 
one place or at relatively infrequent 
intervals in the surface. Scratches, 
ridges, holes, peaks, cracks and checks 
are all classed as flaws in the surface 
and can produce incorrect readings 
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Parallel to the boundary line of 
the nominal s»rface indicoted by 
the symbol. 


Perpendicular to the boundory line 
of the nominal surface indicated 
by the symbol. 


Angulor in both directions to the 
boundory line of the nominal 
surface indicated by the symbol. 

Multidirectional. 

Approximately circular relative to 

the center of the nominal surface 

indicated by the symbol. 


Approximately radial relative to 
the center of the nominal surface 
indicated by the symbol. 


Fig. 2—Symbols indicating direction of lay. 


DRAWING SYMBOLS OF SURFACE 
IRREGULARITIES 


The symbol used to designate sur 
face irregularities is the check mark 
with horizontal extension, Fig. 1. In 
dicated value numerals should be the 
same size as the drawing dimensions 
Line weight of the symbol should ap 
proximate that of the numerals. Where 
roughness height only is to be indi 
cated, the horizontal extension can be 
omitted or lengthened to the right as 
far as needed. The point of the symbol 
is positioned on the line indicating the 
surface, on the witness line or on a 
leader pointing to the surface. The 
long leg and extension are to the right 
as the drawing is read. 

Where no surface control is indi 
cated, it can be assumed that the sur 
face produced by the process is satis 
factory. Where the symbol is used with 
a dimension, it affects all 
defined by the dimension 
transition, such as chamfers and fillets 
should conform with the roughest ad 
jacent finished area unless otherwisc 
indicated. Surface roughness symbols 


surfaces 


Areas of 


unless otherwise specified, apply to the 


Ads 





-—0.030 —» 


Roughness -| indicated 
width average 
cutoff roughness 


True movement 
of stylus 


140-170 











Fig. 3—Effects of various roughness-width cutoff values. 


completed surface. Specifications for 
plated or coated parts should indicate 
whether the symbols apply before, 
after, or both before and after coating. 

Associated with the surface symbol, 
is another symbol indicating the direc- 
tion of lay. These symbols, Fig. 2, are 
indicated with the same weights of line 
as used for the surface symbol. 

Roughness and waviness ratings, 
unless otherwise specified, apply in a 
direction that gives the maximum 
reading, across the lay. Recommended 
values for roughness height, waviness 
height and roughness-width cutoff are 
given in Table I. Roughness-width cut- 
off values should be selected large 
enough to include all of the surface 
irregularities for which measurement 
is desired. All irregularities having a 
spacing less than the value of the 
roughness-width cutoff used are in- 
cluded in any measurement. 

When measuring surfaces whose ac- 
tual contact area is important, the 
largest convenient roughness-width 
cutoff should be used. In other in- 
stances, such as surfaces subject to 
fatigue failure, only irregularities of 
small width are important and more 
significant information can be obtained 
when a small roughness-width cutoff 
value is used. When it is desired to 
determine only widely spaced irregu- 
larities, such as identifying chatter 
marks on a machined surface, a long 
roughness-width cutoff should be used 
Fig. 3 shows the effect of various 
values for roughness-width cutoff 
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Table I—List of Recommended Values 
for Surface Irregularities 





RECOMMENDED 
ROUGHNESS HEIGHT VALUES (microinches 


0.25 | - z70)6|6|)~—l 80 320 
25 100 400 
32* 125* 500* 
40 160 600 
50 | 200 800 
63* “250* 1000* 
1250 
1600 


RECOMMENDED 
WAVINESS HEIGHT VALUES (inch 


| 
0.00002 | 0.00008 | 0.0003 | 0.001 | 0.005 | 0.015 


0.0003 | 0.0001 0.0005 | 0.002 | 0.008 | 0.020 


0.00005 | 0.0002 0.0008 | 0.003 0.010 


STANDARD ROUGHNESS-WIDTH 
CUTOFF VALUES (inch) 


| 
0.003 0.010 0.030 | 0.1000 | 0.300 1.000 





*Preferred values 


MEASURING INSTRUMENTS 

The inclusion of instrument specifi 
cations in the new standard in an 
attempt to provide a uniformity of 
performance among instruments re 
gardless of manufacture. The attempt 
at standardization of performance is 
accomplished largely by providing 
limits for properly selected parameters 
of the major elements of the design. 

The only instrument in widespread 
use today is the tracer type, an instru 


ment which traverses a stylus of small 
tip radius across the surface. The vert 
tical motion of the stylus is electroni- 
cally amplified and made to actuate 
an indicating meter, from which aver- 
age roughness-height is read directly. 
The tracer is moved back and forth 
across the surface to be measured by 
hand or by mechanical means. The 
tracer is supported on the surface by 
two skids, often in the form of two 
spherical surfaces of wear-resistant 
metal or carbide. The radius of the 
skids is sufficiently large so that little 
or no vertical motion is imparted to 
the tracer by the fine surface irregu- 
larities to be measured. 


REFERENCE SPECIMENS 


To determine whether instrumenta- 
tion is in proper operating condition, 
its performance can be checked 
through the use of precision reference 
specimens. Such reference pieces serve 
as performance specimens of surface 
roughness height. These specimens do 
not have the appearance or character- 
istics of commonly produced surfaces. 
The normal surface profile of rough- 
ness height specimens consists of a 
series of isosceles triangles having in- 
cluded angles of 150 deg, Fig. 4. 
A flat region can be permitted at the 
bottom of the groove, provided the 
roughness height rating and the spac- 
ing of the grooves both meet the al- 
lowed tolerance for accuracy. To be 
of any permanent valve reference 
specimens should be made of such a 
material that repeated measurements 
on their surfaces can be made with- 
out measurable loss of accuracy. 

Roughness values of these specimens 
should not vary from the designated 
value by more than 1 microinch or 3 
per cent, whichever is larger. The av- 
erage spacing of the grooves of the 
precision reference specimens should 
be within 2 per cent or 20 micro- 
inches, whichever is smaller, of the 
theoretical spacing corresponding to 
the nominal roughness height. 

Average deviation of roughness 
height of individual grooves of any 
specimen should not exceed 4 per cent 
of the total roughness height. The av 
erage deviation of the groove spacings 
on a given specimen should not ex- 
ceed 3 per cent of the average spacing. 


COMPARISON SPECIMENS 
Surfaces having the characteristics 
of typical machined surfaces may be 
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“ss (50 deg. --"~ 


Fig. 4—Profile of precision reference specimen. 


Fig. 5—Representative profile showing increments about mean line. (« 
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evaluated by visual or actual compari 
son with roughness comparison speci- 
mens. These specimens are described 
by type of machining, lay, roughness 
height, feed and roughness-width cut 
off, Table 2. 
not involve 


Because their use does 
wear, comparison speci- 
mens can be made of any metal that 
will have the characteristics of a ma 


chined material to be checked 


ROUGHNESS AVERAGES 

The mean line about which rough- 
ness is measured is a line parallel to 
the general direction of the profile 
throughout the roughness-width cutofl 
length. Sums of the areas contained 
between the mean line and those parts 
of the profile which lie on either side 
of it are equal. An approximation of 
the average 
tained by adding the vertical incre 
ments, Fig. §, 


roughness may be ob 


without regard to sign 
and dividing by the number of incre- 
ments taken. For the illustrated profile 
the total is 
crements. 


146 and there are 22 in 
The 
would therefore be 6.64 microinches 


roughness average 
This method of determining the aver 
age deviation results in an arithmetical 
average, abbreviated as “AA,” and is 
the preferred roughness indicator 

Many instruments now in use, how 
ever, determine averages by the root 
mean square method. By this method, 
the squares of all the increments are 
added and this sum is divided by the 
number of increments. The square 
root of this value is the roughness 
measurement. For the profile in Fig. 5, 
the root mean square (rms) average is 
7.37 microinches. 

Roughness instruments 
calibrated for root mean square aver- 
age read about 11 per cent higher on 
a given surface than those calibrated 
for arithmetic average. This difference 


measuring 
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is in such a direction that continued 
use of drawings that specify roughness 
in root mean square averages with in- 
struments arithmetical 
average would allow the acceptance of 
surfaces up to 11 per cent greater in 
roughness than intended. This differ- 
ence, however, is of less magnitude 


calibrated to 


than the variations from point to point 
on a machined surface and is consid- 
erably less than the variation expected 
from one piece to another. Many users 
consider it practical to adopt arith 
metical average ratings without chang- 
ing the roughness values on previous 
part manufacturing drawings 


REFERENCES 


Surface Roughness, Waviness and Lay, 
Reference Sheet, The Tool 
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Ihe New American Standard for Su: 
face Roughness, Waviness, and Lay, ASA 
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sented at the ASME Semi-Annual Meet 
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Table 1I—Physical Specimens of Surface Roughness and Lay 





Roughness 
Height 
pin 


H med, 
lapped or polished 
Ground 


with periphery or whee 


Ground 
with flat side of whee! 


Shaped or turned 


Side milled, 
end milled or profiled 


Milled 
with periphery of cutter 


Minimum 
Roughness 
Width Cutoff 

inch 


030 
030 
030 


030 
030 
030 
030 
030 


Angular in 030 
both directions 030 
030 
030 
030 


Parallel t« 002 030 
long dimensions 005 030 
010 030 
020 100 
030 100 


Circular 010 030 
020 100 


Angular in 100 300 
both directions 100 300 


Parallel to 050 .300 
short dimension 075 300 
0.125 000 
0.250 000 
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From: SAE Paper 


Graphic assembly 


drawings 


FREDERICK JANTZ, senior design group leader 


Graphic Illustrations, Oldsmobile Division, General Motors Corporation 


ENGINEERING drawings generally de- 
pict a top, front and a side or end 
view, and are made using orthographic 
projection and _ standard drafting 
methods. The orthographic detail, 
sub-assembly, assembly, and installa- 
tion drawings are all required to pro- 
duce the end result—the manufac- 
tured product. These orthographic 
drawings with their numerous cross 
sections and auxiliary views are fre- 
quently quite complex and require 
trained personnel to interpret. Many 
manufacturers, however, have re- 
placed a large percentage of their 
complex orthographic assembly, in- 
Stallation and instruction drawings 
with graphic illustration methods. 
Graphic illustration may be defined 
aS a perspective drawing in a given 
scale based on technical information 
emanating from an idea, an ortho- 
graphic engineering drawing or a 
completed product. Costly shop errors 
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caused by faulty blueprint interpreta- 
tion can be decreased by the use of 
pictorial perspective drawings to illus- 
trate the sequence of proper assembly 
and installation of parts. In the Serv- 
ice Department, they can be used in 
the parts catalogue, maintenance 
manuals, charts, accessory installa- 
tions and training charts. 

These graphic or perspective en- 
gineering drawings are not fill-in or 
temporary drawings, but actual pro- 
duction drawings for shop use. 


NEED FOR GRAPHIC ILLUSTRATIONS 


The principal reason for graphic 
illustrations is the ease and rapidity 
of reading this type of drawing. 

Fig. 1 is an orthographic view com- 
bining a front bumper assembly and 
installation. The drawing is 3 ft wide 
by 9 ft 4 in. long. While it is not too 
difficult for trained personnel to read, 
the field of the drawing is large and 


Fig. 1—Orthographic view of a front 
bumper assembly and installation. As- 
sembly sequence requires experience. 


the views must be studied separatel) 
Also note that only one side of the 
center line has been shown; the othe 
side must be visualized and the full 
proportions must be left to the imagi- 
nation. Fig. 2 is an exploded graphic 
illustration of the same assembly. All 
the pertinent information has been in 
corporated and the drawing is only 2 ft 
wide by 3 ft long. The shape of the 
parts is immediately evident, the se 
quence of assembly is clear and the 
part numbers and sub-assembly num 
bers are plainly seen. 

Orthographic assembly and installa- 
tion drawings are usually provided in 
an inconvenient roll form, often at- 
taining a length of 20 ft or more. 
This length makes simple part number 
changes a rather costly and time con- 
suming process. The cost of a single 
print in this size runs from 12 to 14 
dollars, the price of a single change 
is Obviously expensive. Engineering 
changes are often so numerous that 
this type of installation drawing seems 
to be constantly in a state of change, 
and those concerned frequently do not 
have up-to-date information 

The engineering or graphic illus- 
trations used to replace this long roll 
size installation drawing consist of a 
unit of multiple sheets, each sheet 
being a part of the installation com- 
plete in itself, and drawn to a size 
not larger than 2 ft by 3 ft. 

Multiple sheets permit special at- 
tention to be given to sequence of 
operation and assembly operation 
methods. Another distinct advantage 
is the isolation of special conditions 
allowing each person to concentrate 
on that particular portion of the in- 
stallation which concerns him. Prints 
may be displayed directly where that 
particular phase of work is performed. 
The more progressive companies have 
carried the advantage of multiple 
sheets a step further and are producing 
illustrated manuals in standard book 
sizes of 8% by 11 in. and 11 by 17 in. 

In executing a drawing, the illus- 
trator carefully scrutinizes the detail 
and related sub-assembly drawings as 
they are drawn in perspective. Quite 
often missing holes for fastenings or 
sheet metal interferences are detected. 
Thus a graphic assembly drawing can 
serve somewhat as a prefabricating 
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Fig. 2—Exploded graphic assembly draw- 
ing of a front bumper assembly and in- 
stallation showing assembly sequence. 


assembly line which will help to test 
the coordination and fit of parts, ex- 
posing any possible errors on the 
orthographic drawings. 

Wider and more efficient usage of 
the graphic illustration is realized if 
a central originating source within 
the engineering department is estab- 
lished. Requests for illustrations from 
the service, sales, purchasing, process 
and tool departments are directed to 
this source and processed through the 
graphic illustration group. In_ this 
manner, the requirements of each de- 
partment may be studied before a 
new program begins, and suitable per- 
spective drawings can be executed 
accurately and in time to fulfill the 
requirements of each department 


PRODUCTION OF GRAPHIC 
ASSEMBLY DRAWINGS 


Graphic illustrations can be made 
by using isometric and related types 
of projection; freehand sketches; 
photugraphs; special drawing devices 
and machines; or perspective grids 
The most common method is the use 
of a perspective grid, based on a 
mechanically accurate method of per- 
spective, with predetermined vanish- 
ing points. Any point may be located 
or plotted horizontally, vertically, at 
the front or rear according to a defi- 
nite dimension. When connected, 
these points form a line and when 
enough lines have been added, suit- 
able shading, if desired, Fig. 3, can 
be applied to add depth to the draw- 
ing. This method is the opposite of 
the manner in which a body draft 
is developed, in which a single point 
is laid out in three separate views. 

The drawing can be executed on 
vellum placed over the grid. This pro- 
vides the working drawing. The fin- 
ished drawing is on pencil cloth traced 
from the working drawing and de- 
leting construction lines. Work is ex- 
pedited by the use of templates and 
other drawing aids. The original pen- 
cil cloth drawing can be saved for 
future use and serve as a master 
drawing from which many variations 
can be issued in the form of photo- 
graphic reproductions on cloth. 

Another method of producing a fin- 
ished graphic illustration is to paste 
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a group of related drawings on a 

paper board. Pertinent notes and 

other data are applied to complete 

the composite layout. The finished 

layout is then photographed and re- 7 a 

duced at the same time. A plate is Fig. 3—Three-quarter view of a com- 

made and the finished drawing ap- plete automobile developed and drawn 
. - by perspective grid method. 

pears as a printed page for a manual 

or instruction sheet. The same infor- 

mation can be printed on vellum for 

Ozalid prints. This composite layout 

can be used repeatedly. As changes 

occur, new views can be drawn and 

pasted in on the board in place of Leader, Graphic Illustrations, Oldsmobile 

an obsolete view, or the change can Div., General Motors Corp. Presented at 

be made in the origina! view itself. the SAE Annual Meeting, Sheraton- 

Numbers can be peeled off and new Cadillac and Statler Hotels, Detroit, 

identification added without difficulty Mich., January 14-18, 1957. 


1957 A29 


REFERENCE 

Development and Use of Graphic II 
lustrations in Product Engineering by 
Frederick Jantz, Senior Design Group 





C > ~ E | - h d Convi RTING from one system of units 
onversions in ng is an to another is a burdensome task 
‘ especially units such as: kg-calories 

M tT t H. A. MAGNUS min to ft/sec?. Even with tables to 

e ric sys ems Talco Engineering Company facilitate the conversion, a slide-ruie 

calculation is still required to multiply 

the correct units with the previous 
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ones to get the new converted units. 

This nomograph, with the aid of 
tables on the opposite page, is con- 
structed to convert values in the Metric 
system to values in the English system, 
and vice versa. It can be used to con- 
vert entire units directly from one 
system to the other within normal slide 
rule error. Use of the nomograph is 
outlined in the following four steps. 

1. From the conversion Tables I or 
II, determine the focus point and scale 


Table |—Conversions from metric to english 


multiplier to be used with the chart. 

2. Locate the numerical value of 
the unit to be converted on the scale 
designated and graduated for its re- 
spective system, either 
English. 

3. Draw a line from the point lo- 
cated in Step 2 through the focus point 
to intersect the other system scale. 

4. Read the conversion value of the 
unit associated with the intersection of 
the line and scale obtained in Step 3, 


Metric or 


GENERAL ENGINEERING ( A ) 
~ 


and apply the scale multiplier as illus- 
trated in the example presented on the 
nomogram and as follows. 


Example: Convert 2.5 kg/meter® to 
lb/ft®. From Table I find the focus 
point as s and the unit as 10°". Draw a 
straight line in the nomograph from 
2.5 on the metric scale through focus 
point s. Read 1.58 on the English 
scale. Answer is 1.58 multiplied by 
10° or 0.158 Ib/ ft®. 


Table Il—Conversions from english to metric 











FROM METRIC TO ENGLISH 

centimeters (cm) in 
cm-dyne lb-ft 
cm-gram lb-ft 

cm of mercury Ib/in .? 

ft/sec 

ft/sec? 

cm? in.? 


cm/sec 


cm/sec? 


cm? ft? 
cm? in.? 


cm? gallons 


FOCUS 


kilograms (kg) 
kg 
kg calories 
kg calories 
kg calories 
kg calories /min 
kg calories /min 
kg-cm? 
kg-meter 
kg ‘meter 
kg /meter* 
kg /meter* 
kg/meter*® 
kilometer (km) 
km 
km 
km 
km/hr 
km/hr/sec 
km/hr/sec 
km* 
km? 
liters 
liters 
liters 
liters 
liters /min 
meters 
meters 
meters 
meters-kg 
meters /min 
meters / sec 


meters /sec 


poundals 
Ib 
B.T.U 
ft-lb 
hp-hr 
ft-Ib-sec 
hp 
lb-ft 
ft-lb 
lb/ft 
lb/ft? 
Ib /in.? 
Ib /ft 
ft 
miles 
ft 
yards 
miles/hr 
ft/sec? | 
miles /hr sec 
ft? 
square miles 
ft? 
in.’ 
quarts 
gallons 
gallons ‘sec 
ft 
in. 
vards 
lb-ft 
miles /hr 
ft/sec 
ft/sec 


<“oern wae a 


c 


x~eos<«<n 





UNITS 


1 


ft /sec 
ft? 
ft? 
ft/sec? 
ft /sec* 
ft/sec? 
ft-lb 
ft-lb 
ft-lb 
ft-lb 
ft-lb/sec 
miles 
miles? 
miles /hr 
miles /hr 
miles /hr/sec 
yards 
yards 
Ib 
lb-ft 
Ib-ft 
Ib/ft 
Ib/ft? 
lb/ft? 
Ib/ft* 
Ib/in.* 
Ib/in.? 
poundals 
quarts 
gallons 
gallons 


FROM ENGLISH 


TO METRIC UNITS 


FOCUS 
centimeters (cm) } l 
millimeters 
cm-* 
millimeters 
cm 
liters 
cm/sec 
cm/sec’ 
kilometers (km) 
meters 
km* 
meters 
meters /sec 
cm? 
liters 
cm /sec* 
km/hr /sec 
meters /sec*® 
cm-dynes 
cm-grams 
kg-calories 
kg-meters 
kg-calories /min 
km 
km 
meters /min 
km /hr 
km /hr/sec 
km 
meters 
kilograms 
cm-dynes 
cm-grams 
kg /meter 
kg /meter® 
kg/cm? 
kg /meter® 
cm of mercury 
kg /meter* 
kilograms 
liters 
cm! 
liters 


gallons/sec liters/min 
horsepower (hp) kg /calories /min 
hp-hr 
B.T.U. 


acres 


meters? acres 
meters? ft? kg/calories 
millimeters in. kg-calories 
millimeters? in.” meters? 
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A clearly discernible word 
appears in the accompanying 


Catalogs 


figure. Can you find it? See 





ODDITIES 


answer below. 






































Discerning Engineers, Designers and Draftsmen 


Find Arkwright Tracing Cloths Best 
for Every Project 


BEST FOR FAST, ACCURATE WORK... Arkwright’s excep- 

tional finish is free of pin holes, coarse threads and other imper- 

fections which cause blobbing and feathering. It assures fast, 

accurate inking even after repeated erasures. 

BEST FOR DURABILITY . . . Continuous quality-control process- 

ing assures maximum strength and service life in every roll of 

Arkwright Tracing Cloth. Its durable finish resists fraying, tear- 

ing and curling, while its greater transparency eliminates opacity 

and brittleness. 

BEST FOR FINER REPRODUCTION .. . Made to meet rigid gov- 

ernment specifications, Arkwright’s exceptional transparency 

provides the finest reproductive qualities. Whatever the project 
whatever the drawing — Arkwright makes every line and 

letter stand out sharp and clear for easy reading. In the simple 

drawing shown above, the hidden letters may be easily seen by 

covering the upper half of the ; 

figure. 

SEE FOR YOURSELF why 

Arkwright Tracing Cloths have 

earned their reputation as 

“America’s Standard”. Write for 

free samples today. Arkwright 

Finishing Co., Industrial Bank 

Building, Providence, R. I. 


and 
Bulletins 





To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(M-8) Temperature Measurement and 
Control—Bulletin, 4 pp. Contains data 
on resistance elements for control. 
Arthur C. Ruge Associates, Inc., 733 
Concord Ave., Cambridge 38, Mass. 


(M-9) Instrument Tubing — Bulletin 
456, 4 pp, gives information on ad- 
vantages, limitations, installation and 
available stock sizes and colors for 
each product. Dekoron Products Div., 
Samuel Moore & Co., Mantua, Ohio. 


(M10) Thermostats—Brochure, 8 pp. 
Contains data on units that make or 
break an electrical circuit by respond- 
ing to changes in temperature or elec- 
trical load. Franklin Dales Co., 180 
E. Mill St., Akron, Ohio. 


(M-11) Temperature and Pressure 
Sensing Insrtuments — Brochure, 12 
pp. Contains data and specifications on 
pressure probes, thermocouples, con- 
nectors, and termination fittings. Aero 
Research Instrument Co., 315 N. 
Aberdeen St., Chicago 7, III. 


(M-12) Thermostats—Bulletin 9000, 2 
pp. Gives principles of operation, 
specification data, and ratings. Stevens 
Mfg. Co., Inc., Lexington, Ohio 


(M-13) Photographic Reproduction 
Materials—Catalog K, 16 pp. Con- 
tains processing tips and data on ma- 
terials for drawings. Grant Photo 


ARKWRIGHT { : | Products, Inc., 19000 Detroit Ave., 
4 : | Cleveland 7, Ohio. 
haciveg (M-14) Pressure Gages — Bulletin 


403A, 4 pp. Lists specifications and 

= | " characteristics of gages. Norden-Ketay 

AMERICA’S STANDARD FOR | Corp., Commerce Rd., Stamford, 
, : Conn 
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drawing. Subject is reduced onto offset paper master 
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runoff of multiple copies on offset duplicator 


How XEROGRAPHY and offset duplicating 
save $500,000 a year for the U. S. Army Signal Corps... 


The Army Signal Supply Agency, Phil- 
adelphia, Pa., is saving more than 
$500,000 annually by the use of xerog- 
raphy and offset duplicating in repro- 
ducing engineering drawings for invi- 
tations for bids. 

Approximately 200,000 invitations 
are mailed each year to some 15,000 
Each 


documents setting 


invitation contains 
forth contractual 


conditions, specifications, and draw- 


suppliers. 


ings describing the item desired 

Understandably, turning out the 
necessary paperwork duplicating and 
multiple copies of drawings is an im- 
portant phase of procurement. Under 
the former method, drawings varied in 
size from 8" x 104” to 24” x 36”. Blue- 
prints had to be hand-trimmed and 
hand-collated, and the consequent as- 
sembly of hundreds of sheets of differ- 
ent sizes necessitated special packaging 
for mailing. Requirements usually ex- 
ceeded the Agency’s reproduction ca- 


pacity, thereby requiring other facilities 
and the loss of control. 

With XeroX® copying equipment, 
all drawings are reduced to standard 
11°x 17" size onto offset paper masters, 
from which multiple copies are run off 
on offset duplicators using precut pa- 
per. The reduced size drawings are 
crisply sharp, easier to handle, can be 
collated by machine, and are 75% light- 
er in weight, thus reducing postage 

For the Army Signal Corps’ drama- 
tic mortar locator, the MPQ-10, for 
example, 65 suppliers were solicited, 


each receiving 1.973 drawings or a 


Xerography copies anything written 
printed, typed, or drawn. Same, en- 
larged or reduced size 
Copies onto all kinds of 
masters—paper, spirit, 
metal, translucent—for 
duplicating. Copies line 
and halftone subjects 


total ol 128.245 The reproduction 


method formerly used would have re- 
quired 250 manhours at a cost ol 
$6,040 ing rography and offset 
i was red iced 
hours and cost only $2.180 

Let us show you with facts and fig- 
ires how x¢ rograpl Vis ¢ itting d pli 
cating costs in business, industry, and 
government for all types of paperwork 
duplicating 
WRITE for proof-of-performance 


folders showing how xerography is sa\ 


‘ 


ing time and thousands of dollars for 


companies of all kinds, large and small 


THE HALOID COMPANY 


0’ Haloid St., Rochester 3, N. Y 
Branch offices in principal U.S. cities and Toront 


HALOID 
XEROX 





Catalogs and Bulletins continued 


(M-15) Research and Development 
House organ, 12 pp, plans to report 
on activities in automotive, aircraft, 
electronic and other fields. Reprints 
of first issue available. Thompson 
GOOD Products, Inc., 23555 Euclid Ave., 


Cleveland 17, Ohio 


(M-16) Strain Gages—Bulletin, 15 pp 

Contains data and prices of SR-4 de- 

la bid bs Pal <, vices, self-compensated gages, high 
BE f | J ER ‘ temperature and room _ temperature 
foil gages. Dept. SO 104, Baldwin- 

Lima-Hamilton Corp., Waltham, Mass 


(M-17) Temperature Control—Bulle- 
tin 106, 2 pp. Contains data on unit 
for either liquids or gases and for 


temperatures up to 1000 F. Burling 

1/1 Dew f Instrument Co., 16 River Rd., Chat- 
a - ham, N. J. 

(M-18) Impulse Counters and Trans- 
mitters—Bulletin, 8 pp. Gives proper- 
ties of models designed for automatic 
recycling of counting runs, electrical 
data and connection diagrams. Landis 
Let your drawing board provide the & Gyr, Inc., 45 W. 45 St., New York. 


con cing answer in d practical test of (M-19) American Drafting Standards 
Holliston’s Pel-X and Micro-Weave Tracing Manual—13 pp. Contains tentative 


Cloths draft of Section 14—Structural Draft- 


ing of the Proposed American Draft- 
ing Standards Manual Y14. ASME, 
Why not turn to your advantage a 29 W. 39 St. New York 18. N.Y 
quality of tracing cloth that not only 
equals all others in normal workabilit (M-20) Electrical and Pyrometer Con- 
q Y trols—Catalog, 16 pp. Describes auto- 


but in many particulars is definitely matic packaged controls, suitable for 
“better.” industrial application where a chem- 
7 ical or mechanical function can be 


watte ecrcicent 


ys a/ 
° 4; 
Stcing ras 


: measured electrically. Tipp-Tronic, 
The ultimate test is your own drawing Inc., Tipp City, Ohio 


board. You can prove to yourself, 
aed Y = (M-21) Non-Indicating Pressure Trans- 
‘ a have so many draftsmen all over the mitter—Data sheet, 2 pp. Describes 
Micro-Weave country, that Holliston MICRO-WEAVE a non-indicating pneumatic pressure 


Sill Lmetican Z : d ; transmitter, for vacuum or pressure 
~ORREIES GLOUN —in white or blue for ink or pencil— measurement. Minneapolis-Honevwell 


and Holliston PEL-X—water repellent Regulator Co., Wayne and Windrim 


gt: a Ae Ave., Philadelphia 44, Pa 
finish— are rated as the “BEST. 


(M-22) Thermostats—Brochure, 8 pp 
Write for generous samples—today! Describes sensitive detecting elements 
used on motors, cycling systems, elec- 
trical annliances and regulating sys- 
tems. Franklin Dales Co., 180-184 E 


THE HOLLISTON MILLS, INC. Mill St., Akron, Ohio 


NORWOOD, MASS. 
NEW YORK e PHILADELPHIA CHICAGO (M-23) Electric Time Controls—Cata- 

, log, 4 pp. Contains data on pushbutton, 
coin-operated and portable timer units 
Miller-Harris Instrument Co., 601 E 
Ogden Ave., Milwaukee 2, Wis 
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Vibration Testing and Control 


MB MANUFACTURING COMPANY 


A Division of Textron Inc. 
1070 State Street, New Haven 11, Conn 


for vibration TESTING 


Lid Of 


fen! mney 


MB VIBRATION EXCITERS 


MB electrodynamic shakers have the 
versatility, force output, and de 
pendability necessary for test applica- 
tions such as: (1) Fatigue testing 
components to destruction ... (2) 
Locating noise sources in automobile 


Model C100—12,500 
pound force generator 


chassis to determine their ability to 
operate under high vibratory loads 
(4) Determining the damping 
characteristics of rubber, steel, plas- 
tics, etc.... (5) Identifying resonant 
frequencies and (6) Determining nat- 
ural modes of aircraft structures such 
as wings, fins, and control suraces. 


for vibration MEASUREMENT 
VIBRATION PICKUPS Sensitive 


low-amplitude vibration, yet rugged for 
field test work. Electrically damped; main 
tain calibration over wide temperature 
range. Resonant frequency below 5 c.p.s. 
Over twelve types available for specific 
requirements. Type 122 for temperatures 
to 500° F; Type 115 probe-type for hand 
held exploratory testing 


Type 122 Type 115 


METERS MB Meters 


are compact, portable 
units, designed for use 
with MB vibration 
pickups. They give di 
rect readings of vibra- 
tion acceleration, veloc 
ity, or displacement. 


Vibration tests to MIL-E-5272A and Model MG, designed 
41065-B and other specifications are specifically for jet-en- 
performed easily on these exciters gine testing has three 
high-pass filter _net- 
works (cut-off at 30, 
70 and 110 c.p.s.), 
pushbutton selection of 
tour pickup signals. AC 
operated. Suitable for 
general test purposes 


bodies and chassis, blowers, etc. . . . 
(3) Shake testing electrical com- 
ponents, relays, switches, or radio 


Complex Motion Testing MB has devel 
oped complete exciter systems to meet the 
requirements. They include amplifier, all 
necessary control equipment and circuits, and 
exciters with flat frequency response. 
Automatic Control Systems for MB Vi- SSCHHSSSSHSSSSSSSESSSESESEEEE 
bration Exciters provide automatic control 
over table amplitude (displacement and accel- 
eration) and frequency; manual control of 
either function also possible. Performance more 
than adequate to meet MIL-E-5272A vibration 
requirements. 


for vibration ISOLATION 


ISOMODE* INDUSTRIAI 
IYPE ISOLATORS — pro- 
vide large deflection ratings 
with high load capacity, 
] / small size, and exceptional 

stability. Spring rate equal 
MB VIBRATION EXCITER SYSTEMS in all Duaidankcomens at 


Ibs. Peak Force Total ; Frequency Range any angle —absorb vibra 
noise testing) Stroke Power Suppty cps tions for every plane. Unit 
Electrenic 20 to 10,000 load range 50 lbs. to 2500 
Electronic | 20 to 2,000 Ibs 
Electronic 5 2,000 
| Electronic 5 500 
in. | Electronic 5 2,000 
| Electronic 0.35 500 
in. | Electronic 
in. | Rotary or Electronic 
in. |Rotary or Electronic 
|Rotary or Electronic 
Rotary or Electronic 
Rotary or Electronic 
c70 |7,000 Rotary or Electronic 
C100 | 12,500 in. |Rotary 
C250 (25,000 |Rotary 


*Force generator or calibrator. Other models available 


Ibs. Sine Force 


1.2 also C7 sub-minicture tube tester Vy 
10 Vy 
25 Ya i 
‘50 Y2 MIL-1I-5432 (AN-I-l6a) is 
met with Isomode* Type 17 
vibration isolators: Load 
5,000 range 12 to 100 pounds per 
2,000 unit. They feature equal 
spring rate in every direc 
tion. 


50 2 
1150 ! 
200 ’ 
CsH [600 1 
|1,200 ! 
C10VB |1,750 
C25H |3,500 
C25HB |5,000 MANY OTHER ISOLATOR TYPES avaiul- 
able, including units for special applica- 
tions; Isomode grommets; mounts with 
small dimensions. Contact us on your spe- 
cific requirements 


NNN NN YUN & 
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99.97% 


EFFICIENCY 


on 0.3 sets nf 
MICRON-SIZE.—~ =| 
PARTICLES 


Flanders Airpure Filters solve the most critical air filtration 
problems for all atmospheric conditions. Flanders now offers 
to industry the same research, design, production and testing 
capabilities utilized in the high-efficiency systems developed 
for the Atomic Energy Commission, 

Flanders Airpure Filters insure against product rejection due 
to sub-micron dust particles. 


¢ Guaranteed up to 99.97% ef- | » Quality Control through En- 
ficiency on 0.3 micron-size par- gineered filtration 
ticles and removes particles as 
small as 0.1 micron size for 
dust-free processing. 


* Accurately tested to .001% for 


¢ Large capacity and low corres- 
ponding pressure drop means 
top performance. 








uniform high efficiency. z 


a 





AIRPURE | Ceramic Filter 


For AIRPURE efficiency in very high 
temperatures (up to 2300°F.) Flanders 
has developed a filter made entirely 
of ceramic materials. Abrupt tem- 
— perature changes have no effect on 
[ this filter. 


Write for free detailed information and data sheets. 





Handen A Ei ilte UA, 1 ¢_ MvEniEAD vaca 
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Catalogs and Bulletins continued 


(M-24) Plastic-Enclosed Thermostat 
Bulletin MC137, 4 pp. Describes two 
types of units which are encased in 
plastic for service in highly humid or 
corrosive environments. Fenwal Inc., 
Ashland, Mass. 


(M-25) Bulb-And-Capillary Tempera- 
ture Controllers—Brochure MC139, 4 
pp. Contains diagrams and data. Fen- 
wal Inc., Ashland, Mass. 


(M-26) Where Engineers Work in 
Industry—Booklet, 11 pp. Contains 
the results of two surveys by National 
Education Committee. American So- 
ciety of Tool Engineers, 10700 Puri- 
tan Ave., Detroit, Mich. 


(M-27) High Pressure Gage Snubber 
—Brochure, 2 pp. Contains diagram 
and data. Chemiquip Co., 460 W 
Broadway, New York 12, N. Y 


(M-28) Nuclear Reactors—Booklet, 8 
pp. Contains data and information on 
various reactor types and how they 
compare or differ. Industrial Div., 
Minneapolis-Honeywell Regulator Co., 
Philadelphia 44, Pa. 


(M-29) Thermostats—Bulletin 5000, 2 
pp. Contains data on hermetically 
sealed and semi-enclosed units. Stev- 
ens Mfg. Co., Inc., Lexington, Ohio. 


(M-30) Thermocouple Components— 
Specification SOOS-1, 4 pp. Describes 
system of connectors for thermo- 
couples and lead wires. Minneapolis- 
Honeywell Regulator Co., Wayne and 
Windrim Ave., Philadelphia 44, Pa 


(M-31) Force Bridge—Catalog C-80- 
1, 2 pp. Describes a computing device 
which can be used in pneumatic meas- 
urement or control circuits. Minne- 
apolis-Honeywell Regulator Co., 
Wayne and Windrim Ave., Philadel- 
phia 44, Pa. 


(M-32) Temperature Probes—Booklet, 
20 pp. Contains data, diagrams and 
charts on hermetically sealed sensing 
elements for applications up to 1500 
C. Rosemount Engineering Co., Rose- 
mount, Minn. 


(M-33) Temperature Control Valve 
Bulletin 505, 4 pp. Contains diagrams 
and data on unit for pressures up to 
125 psi. Sterling, Inc., 3738 N. Hol- 
ton St., Milwaukee 12, Wis 
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Catalogs and Bulletins continued 


(M-34) Galvanometers—Bulletin 1528, 
12 pp. Contains diagrams, data and 
charts on units designed to operate 
at potentials up to 250v. Consolidated 
Electrodynamics Corp., 300 N. Sierra 
Madre Villa, Pasadena, Calif. 


(M-35) Temperature Regulators—Bul- 
letin TR5S7, 4 pp. Contains data and 
diagrams on units for controlling tem- 
peratures from 60 to 240 F. Atlas 
Valve Co., 280 South St., Newark, N.J. 


(M-36) Elapsed Time Indicators—Bul- 
letin A.W.H., 2 pp. Contains data and 
charts on units designed to record 
operating time of electrical equipment. 
A. W. Haydon Co., Waterbury, Conn. 


(M-37) Pressure Gages — Bulletin 
DH23, 4 pp. Contains data on units 
for engines, turbines, blowers, hydrau- 
lic presses, pumps, and compressors. 
American Chain & Cable Co., Inc., 
929 Connecticut Ave., Bridgeport 2, 
Conn. 


(M-38) Thermopiles — Brochure, 12 
pp. Contains data on units for conver 
sion of infra-red energy into electrical 
energy suitable for amplification and 
measurement. Jarrell-Ash Co., 26 
Farwell St., Newtonville 60, Mass 


(M-39) Control ad Data Processing 
Instruments — Bulletin, 31 pp. Con- 
tains information, pictures and charts. 
Consolidated Electrodynamics Corp., 
300 N. Sierra Madre Villa, Pasadena, 
Calif. 


(M-40) Temperature Controls—Cata- 
log, 6 pp. Contains physical specifica- 
tions, performance data, and tempera- 
ture ranges. Fenwal Inc., Ashland, 
Mass. 


(M-41) Thermistor Overheat Detec- 
tors—Bulletin 3 pp. Discusses advan- 
tages of thermistor elements for tem- 
perature detection. Fenwal Inc., Ash- 
land, Mass. 


(M-42) Dollar Savings through Stand- 
ards—Booklet, 40 pp. Contains eco- 
nomic benefits to industry resulting 
from use of standards. American 
Standards Assn., Inc., 70 E. 45th St., 
New York 17, N. Y. 


(M-43) Time Controls—Booklet, 20 
pp. Contains information, pictures and 
chart on industrial time controls. Para- 
gon Electric Co., Two Rivers, Wis. 


ENGINEERING 


assistant available 


His name is STANPAT, ond though he is not human he can swallow 
up your tedious re-drawing and re-lettering of standard and repetitive 
blueprint items for 24 hours a day if need be — without tiring. 
STANPAT is the remarkable tri-acetate sheet that is pre-printed with 
your specification and revision boxes, standard symbols, sub-assem- 
blies, components and cross-sections . . . with adhesive front or back, 
waiting to be pressed into position in 15 seconds! Reproductions are 
unusually crisp and clear, guaranteed not to wrinkle, dry out or come 
off. STANPAT saves hundreds of hours in drafting time and money, 
allowing the engineer more time for creative work. 


sdy employed in numerous firms, STANPAT can go to work 
ao! Send us your drawing details now for quotation and free 
gation. 


7 


“a 


¥/ PEEL the tri-ocetate 
/ 


adhesive from its 


PLACE the tri-acetate 
in position on the 


into position, 
will not wrinkle or 
come off. 


-STANPAT CO. 3 Sgn: 

Ftd Whitestone 57, N. Y., U.S.A. ba 

2 amen » 

“STANPAT CO., Whitestone 57, New York, N. Y., U. S. A. 


Phone: Flushing 9-1693-1611 


(CD Please quote on-enclosed samples [_] Kindly send me STANPAT literature and samples 
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CUT encineerinc costs 
WITH 
U.S. RADIUM 
DIALS 
PANELS 
NAMEPLATES 


etwewarG@ricerase 


Cutting your engineering costs is routine for U.S. 
RADIUM CORPORATION. As the only company in its 
field to provide all standard techniques for marking 
data display parts, USR is in position to recommend 
the most economical method or combination of 
methods for fabricating instrument dials, control 
panels and original equipment nameplates to your 
requirements. 


UNITED STATES RADIUM CORPORATION currently offers 
both the light transmitting plastics and metals such 
as aluminum, brass, stainless steel and nickel 
silver as stock blanking materials. A wide range of 
colored or luminous durable finishes may be applied 
to these materials by any of the following processes: 


« Screening 
¢ Photo-reproduction in LACKON® finishes 
Mechanical engraving 
1-up offset 
Etching 
Lithography 


Each of these processes exhibits its own character- 
istic advantages in durability, processing speed, 
flexibility, economy, accuracy and appearance. To 
expedite handling of your orders, the engineering 
and development facilities of U. S. RADIUM are at 
your disposal. Your inquiries are invited. Write 
Department P-10. 








Catalogs and Bulletins continued 


(M-43) Thermistor-Actuated Tempera- 
ture Controller—Bulletin MC 133, 4 
pp. Contains data on an individual 
unit which is plugged into a separate 
power supply chassis. Fenwal Inc., 
Ashland, Mass. 


(M-44) Nuclear Power Plants—Bulle 
tin, 12 pp. Contains design data, heat 
balance diagram and characteristics 
chart. Alco Products, Inc., P. O. Box 
1065, Schenectady, N. Y 


(M-45) Force Transducers—Bulletin 
140, 2 pp. Contains data for dynamic 
or static measurement and control in- 
volving force, stress, weight, and 
torque. Daytronic Corp., 216 S. Main 
St., Dayton 2, Ohio. 


(M-46) Thermal Time Delay Relays— 
Brochures (2). Contains specifications, 
diagrams and charts on relays for 
control and timing applications. Cur 
tiss-Wright Corp., 631 Central Ave 
Carlstadt, N. J 


(M-47) Drafting Instruments—Cata- 
log, 12 pp. Contains data on lettering 
instruments, T-squares and templates 
Dolgorukov Mfg., Fisher Bldg., De- 
troit 2, Mich. 


(M-48) Gas Thermostat — Bulletin 
RT-814, 4 pp. Contains data on unit 
designed to provide up to 66,000 BTU 
hourly capacity on manufactured gas, 
97,500 BTU on natural gas and 
210,000 BTU on LP gas. Robertshaw 
Fulton Controls Co., 110 E. Otter- 
man St., Greensburg, Pa. 


(M-49) Accessory Temperature Con- 
trols—Brochure MC 132, 6 pp. De- 
scribes miniaturized units designed for 
aircraft, guided missiles and related 
applications requiring control in con- 
fined spaces. Fenwal Inc., Ashland, 
Mass 


(M-50) Problems Affecting National 
Defense—Brochure, 6 pp. Supplement 
to °54 listing of problems on which 
governments invite assistance of in- 
dividuals and companies. Contains 35 
new technical problems. NIC, U. S 
Dept. of Commerce, Washington 25, 
a € 


UNITED STATES RADIUM CORPORATION 
Morristown, New Jersey log 5, 5 pp. Contains data on alum- 


5942 W. Chicago Ave., Affiliates inum binders which will hold 1 to 
Chicago 51, Illinois CANADA: Radelin-Kirk Ltd., 1168 Bay St., Toronto, Ont. 150 sheets. Plan Hold. 5204 Cha 
5420 Vineland Ave., EUROPE: United States Radium Corporation (Europe) . : 

North Hellywood, California 36 Avenue Krieg, Geneva, Switzerland. kemco St., South Gate, Calif 
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Drafting Department Heads! 


Faced with increased demands for 
drawings and prints... the shortage 
of experienced personnel ? 




















to your Drafting Room! 











Look How Many Ways save 
New, Modern Bruning Products DRAFTING 
Add Manpower to Your Drafting Room 
by Saving Man Hours of Work! 


MAN HOURS 


ane) > RRR es bee ic ae 





Right now when you need it...add manpower to 
your drafting room by replacing old or inadequate 
equipment and materials with these modern, 


time-saving Bruning Products! 


At the drawing board, at the reproduction machine, at the 

:' . MAN HOURS 
files... you can add manpower right now by helping 
your personnel turn out more work, faster and easier, with 


these modern, higher-production Bruning products. 


See how modern Bruning drafters speed drafting up to 40% 
on most jobs... new and better tracing papers and cloths 
enable faster drawing and reproduction . . . improved 
intermediates slash re-drafting time for design changes . . . 
new, improved Copyflex machines provide faster and more 


convenient reproduction. 


In the face of increased demands for drawings and prints and 
the shortage ot experiene ed personnel, you couldn't choose a 
better time to replace old or inadequate equipment with 


these new, higher-production products you've been wanting. SAVE 


You couldn't pick a more opportune time to get management ti L| N G 


approval for new equipment expenditures. 
MAN HOURS 


S “ Bruning’s wide selection of drafting aids includes 


Ss not only standard items, but many 
a time-and-work savers such as dotting pens, 
r proportional dividers, planimeters, special 
' ee purpose templates, and Bruning electric erasing 
’ i machines that save hours of finger-cramping 
\ SS . 


manual erasing. 


MODERN DRAFTING TOOLS AND SUPPLIES HELP SPEED DRAFTING 





MODERN BRUNING 
TRACING MEDIUMS 
SPEED DRAWING 

AND REPRODUCTION 


These new, improved drawing 
mediums are unsurpassed for trans- 
lucency, pencil-and-ink taking quali- 
ties, workability, permanence. You'll 
draw easier and faster; get cleaner, 


MODERN HAMILTON 
DRAFTING TABLES 
REDUCE WASTE 
MOTION AND FATIGUE 


Unique design of Hamilton Auto-Shift 
lets draftsman work on any part of the 
board, reach reference table and 
drawers without leaving his seat. And 
you can put six Auto-Shift tables where 


MODERN BRUNING DRAFTERS SPEED 
DRAFTING UP TO 40% 


Over conventional equipment, Bruning drafters speed drafting up to 40 
on most jobs . . . up to 50% on some structural drawings. Patented 
“Equipoise” gravity compensator, exclusive touch control indexing pro 
vide unrivalled simplicity, precision, and ease of operation. Counter- 
balanced and Track Drafters slash man hours of work on large drawings 
Standard or Civil Engineer protractor heads 


sharper prints, in record time. 

Just Out! New “Visi-Vel’” resin-trans- 
parentized tracing paper offers up to 
25% faster reproduction speed ! 


you now have four boards with sepa- 
rate reference desks. 


MODERN COPYFLEX MACHINES AND SENSITIZED PAPERS, CLOTHS AND FILM 


Speed Reproduction! New, advanced Copyflex models 
bring you faster reproduction speed and a host of opera- 

tor conveniences such as fast return of originals, auto- F 
matic separation, front or rear delivery. And all the 
benefits of diazo black-on-white reproduction, plus 
problem-free operation and installation. No fumes, no 
exhaust ducts. There’s a Copyflex model tc meet every 
need and budget. New, better Copyflex sensitized mate- 
rials work together with Copyflex machines to speed 
reproduction, give you premium results. 


New Table Top Model 300 


‘ = 
2g 


Slash Re-Drafting Time! Save up to 90% tracing time 
by making modern Copyflex intermediates (translucent 
prints) of drawings to be re-worked. Mask out unwanted 
portions before reproducing the intermediate, add new 
lines or sharpen up weak lines on the intermediate it- 
self, produce sharp, clear prints from the intermediate. 


New Low Cost Model 35 





ce 


— WOOD FILING 
UNITS 


Combine exactly the 

> interchangeable units 

F you need—in higher 

stacks—to save time 

= and space. Sturdy 
<i. oak construction 


PLAN HOLD FILING EQUIPMENT 


Save time, space, and damage in w folding of plans. Binders are 


filing large active plans. Spring mounted in wall racks 


easily 


oaded, clamp-style binders elim floor stands, cabinets. A binder 


nate punching, stapling, bolting Ids to 150 plans 


MODERN HAMILTON ALL-STEEL UNITSYSTEM FILES SAVE TIME, SPACE; 
PERMIT ORDERLY EXPANSION 
You file drawings and records in units especially designed for them by size and frequency of use. 
Drawings are easier to file and find, which saves time. UnitSystem’s interlocking feature lets you 


combine exactly the units you need—in higher stacks—which saves space. It lets you expand your 
filing set-up gradually, efficiently, and economically. 





more reasons why you can 
depend on Bruning to help you 


Save Man Hours... Add Manpower to Your Drafting Room! 


Researcher, manufacturer, and supplier . . . Bruning saves you many man hours 
by providing a single, convenient, dependable source for everything you need in 
top-quality drafting room supplies and service. You simplify ordering and stocking, 
save time and money. You get the following important benefits! 





New and Better Products— 
from Bruning Research and Engineering 


Bruning Research and Engineering has introduced such great time-and-work 
savers as the first pencil tracing cloths, the first fume-free whiteprinters in 
America, the first band-type drafting machines. Today, by virtue of its modern 
laboratories and large engineering staffs, Bruning still leads the way. In just the 
last two years, Bruning has introduced five new, advanced reproduction machines, 
many newly improved tracing materials. You can count on more new and better 
products coming to help you save man hours, add manpower. 





Consistently High Quality 
—from Bruning Manufacturing 


In its own modern paper converting plants at Teterboro, N.J., Chicago, Kansas City, 
Los Angeles, and Toronto, Ontario, Bruning controls quality all the way to bring 
you tracing mediums and sensitized materials of dependable, consistent high 
quality. The famous Copyflex reproduction machines are entirely Bruning 
manufactured to provide you the finest in reproduction performance. 

You get better results, minimize the risk of trouble and loss of man hours. 





The Product and Help You Need When You Need 
Them—from Bruning Sales Service 


You suffer no costly delays—no loss of man hours—for !ack of supply or service. 
With the most comprehensive network of sales-service branches, distributors, and 
plants in its field, Bruning assures you of prompt, dependable service and supply. 

Your nearby Bruning branch is headquarters for a capable staff of Bruning 
Sales-service specialists who are immediately available to you. Your nearby 
Bruning branch or distributor carries a full line of Bruning products and is 
staffed and equipped to give you fast, efficient supply. 


Right now is the time to capitalize 
on Bruning’s great time-and-work saving 


7 Bruni les- i “a . ; 
& & Cantey Sets Geadee products and Bruning’s outstanding service 


and supply. They work together to help 
you save man hours—add manpower to 


@ 6 Bruning Distributors 
@ 5 Strategically Located Plants 


(BRUNING ) 


America's Leading Supplier of Engineering and Drafting Equipment 





your drafting room, now when you need it! 








CHARLES BRUNING COMPANY, INC., 4700 MONTROSE AVE., CHICAGO 41, ILLINOIS 
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Great Ideas Come From’? 


From its beginnings this nation has been 
guided by great ideas. 

The men who hammered out the Constitution 
and the Bill of Rights were thinkers—men of 
vision—the best educated men of their day. 
And every major advance in our civilization 
since that time has come from minds equipped 
by education to create great ideas and put 
them into action. 


So, at the very core of our progress is the 
college classroom. It is there that the imagina- 
tion of young men and women gains the in- 
tellectual discipline that turns it to useful 
thinking. It is there that the great ideas of 
the future will be born. 


That is why the present tasks of our colleges 
and universities are of vital concern to every 


American. These institutions are doing their 
utmost to raise their teaching standards, to 
meet the steadily rising pressure for enroll- 
ment, and provide the healthy educational 
climate in which great ideas may flourish. 
They need the help of all who love freedom, all 
who hope for continued progress in science, 
in statesmanship, in the better things of life. 
And they need it now! 





If you want to know what the college crisis 
means to you, write for a free 
booklet to: HIGHER EDUCA- 
TION, Box 36, Times Square 
Station, New York 36, N.Y. 


a? 


HIGHER EDUCATION 


Keer IT SmOonT 











Sponsored as a public service, in cooperation with the Council for Financial Aid to Education 
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Zirconium—Technology and Eco- 
nomics. Report of Industrial Com- 
mittee on Reactor Materials. 81 x 
11 im., 113 pp. Published by the 
Atomic Industrial Forum, Inc., 260 
Madison Ave., New York 16, N. Y. 
$3. 


The Atomic Industrial Forum, Inc., 
is a non-profit membership organiza 
tion whose purposes include: (1) ad 
vancing the development of atomic 
energy within the 
framework; (2) providing a forum 
for the resolution of problems relating 
to atomic energy; (3) 
wider understanding of the great po- 
tential of atomic energy; and (4) en 
couraging research and development 
in the field. 

This report is a compilation of 
papers and discussions prepared by 
the Forum for industrial use. Covered 
are a broad range of topics such as 
chemistry and reduction, melting and 
casting, rolling and forging, drawing 
and extrusion, powder metallurgy, 
physical properties, corrosion behavior, 
alloys, new material supply, refined 
metal supply, commercial products, 
AEC requirements and industrial out- 
look. The report provides an excellent 
up-to-date introduction to zirconium 
technology. It is the intent of the 
Forum to follow this conference with 
a symposium on the effects of radia 
tion on the properties of materials, 
future symposium subjects to be dic- 
tated by the needs of the industry 


free-enterprise 


promoting 


Standards on Light Metals & AIl- 
loys. Sponsored by Committee B-7 
on Light Metals and Alloys. 9 x 6 
in., 276 pp. Obtainable from Amer- 
ican Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa. 
$3.50. 


This third edition of ASTM stand- 
ards on light metals and alloys, cast 
and wrought, includes not only those 
specifications and methods of test 
which come under the jurisdiction of 
Committee B-7, but also those for 
light metal alloy die castings prepared 
by Committee B-6 on Die Castings, 


A46 


and those for aluminum wire and cabl 
for electrical sponsored by 
Committee B-1 
cal Conductors. Several methods under 
the jurisdiction of Committee E-1 on 
Methods of Testing and Committee 
E-3 on Chemical Analysis of Metals 
as well as specifications for aluminum 


pu rpc ses 


on Wires for Electr: 


and aluminum alloy arc-welding elec 
and for brazing filler 
under the jurisdiction of the AWS 
ASTM Joint Committee on Filler 
Metal have been included to round out 
the compilation 

The standards include ingots, cast 


trodes metal 


ings, bars, rods, wire, forgings, pip¢ 
and tube, sheet and plate, wrought 
products for electrical purposes, filler 
metal, and = general 
methods of test. There is also included 


the ASTM 


light metals and alloys 


electroplating, 


codification system for 


Development of Improved Titani- 
um-Base Alloys. PB 111988, by 
H. A. Robinson, W. M. Parris and 
P. D. Frost, Battelle Memorial In- 
stitute for WADC. Paper-bound, 
814 x 11 in., 104 pp. Available from 
Office of Technical Services, Com- 
merce Dept., Washington 25, D. C. 
$2.75. 


The heat-treated properties of 24 
alpha-beta titanium alloys are evalu- 
ated in a report of research for the air 
force just released to industry through 
the Office of Technical Services, U. S$ 
Dept. of Commerce. 

Manganese, molybdenum, and va- 
nadium were the principal alloying 
additions. The strength-ductility rela- 
tionships of these alloys increased with 
increasing alloy content up to about 
7 per cent alloy addition, and the Ti- 
3Mn-complex alloy had room-temper- 
ature properties slightly better than 
those of any of the other alloys tested 
However, a Ti-5-Mn-2V alloy ex- 
hibited excellent elevated-temperature 
stability at 650 F 

A binary Ti-8V alloy proved inter 
esting in that it could be quenched 
from the beta-phase region and aged 
to give very good properties. Most 
alloys are embrittled as a result of be- 


ing heated into the beta-phase region 
It was found that pickling to re 
move the air-contaminated surface of 
illoy sheet added large amounts of 
hydrogen. A process was developed 
for descaling and pickling titanium 
ulloy sheet without appreciable hydro- 
gen pickup. Using this process, the 
Ti-3Mn-complex alloy sheet was heat- 
treated to 180,000-psi tensile strength 
with over 10° elongation in 1 in 


Metal Powder Assn. Proceedings. 
6 x 9 in., paper-bound, 130 pp. Pub- 
lished by Metal Powder Assn., 130 
W’. 42 St., New York 36, N. Y. $3. 


The proceedings includes all tech 
nical papers, illustrations and discus- 
sions. Some of the topics included fol- 
low: “Age Hardenable Brass Alloys 
through Powder Metallurgy”; “Re- 
placement of Castings by Powder 
Metallurgy”; “Application of Powder 
Metallurgy in Nuclear Engineering”; 
Powder Metallurgy in the Electrical 
and Electronics Industries”; “Panel 
Discussion on Sintered Structural Ma 
terials”; “Influence of Lubrication and 
Die Surface on the Pressing Charac 
teristics of Metal Powders”; “Alumi- 
num Powder Metallurgy Products”: 
“Ceramic-Metal Friction Materials” 
and a final paper on the “Manufactur- 
ing and Applications of Heavy Alloy.” 


Encyclopaedia of the Iron & Steel 
Industry by A. K. Osborne. 6 x 9¥% 
in., 558 pp. Published by Philo- 
sophical Library, 15 E. 40 St., New 
York 16, N. Y. $25. 


The purpose of this encyclopaedia 
is to provide a description of the ma- 
terials, plant, tools and processes used 
in the iron and steel industry, and in 
those industries closely allied to it. The 
information contained ranges from the 
preparation of the ore, down to the fin- 
ished product, with definitions of tech- 
nical terms employed. 

The book is intended as a reference, 
not as a textbook, but the specialist 
might find information on subjects 
bordering his own 
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Metals 
and Alloys 


Design Principles for Metal Properties 
by Dr. C. Zener 


Titanium-Carbide Cermets for High Temperature Applications 
by K. Pfaftinger, H. Blumenthal and F. W. Glaser 


Mechanical Properties of Nickel Alloys at Low Temperatures 
Alloys: Compositions and Uses 


Thermal Expansion Coefficients for 51 Metals 
by W. A. Tucker 


Aluminum Laminates for Structural Applications 
by J. J. Saunders and H. R. Merriman 


Steels and Tool Bits Modified with Boron 
Vacuum Metallurgy 


Cost Factors of Machined Parts 
by L. E. Gibbs and L. G. Simon 


Relative Cost and Machinability of Carbon Steels and Alloy 
Steels by Dominic Mascio 


Static Properties of High Strength Steel HYDRAULIC — 
by E. P. Klier B. B. Muvdi, and G. Sachs AND PNEUMATIC 
EQUIPMENT 








Fig. 1—Irregularities in metals. (A) Typical grain structure show- 
ing precipitate particles and inclusions. Inclusions are foreign 
particles present in the liquid before solidification; precipitate 
particles are formed during the cooling of the solid from the 
melt. (B) Impurity atoms and vacancies exist within each grain. 
Impurity atoms are not added intentionally to the melt; alloying 
elements are intentionally added. Vacancies are positions where 
no metal atom is found. (C) Ordered and disordered metal. If 
alloying atoms arrange themselves in a pattern, metal is ordered. 
If alloying concentration is less than 50 per cent the arrangement 
is often disordered. (D) Glide and dislocations. Termination of 
a row of atoms is an irregularity. The consequent distortion of 
the lattice is confined essentially to the immediate vicinity of 
the terminus. The vicinity is called a dislocation. A slight re- 
arrangement of atoms will cause the terminating row to change 
place with the neighboring row. The motion of the dislocation 
normal to the termination row is glide. (E) Climb is a vertical 
motion. A condensation of vacancies at the dislocation causes 
the dislocation to move up, evaporation of vacancies causes a 
downward motion. Climb is more rapid at elevated temperature. 


Grain 
boundary 


Precipitate 
porticles or 
inclusions 





From: Westinghouse Engineer 


Design principles for 


a. << ZENER, director, Westinghouse Research Laboratories 


Alloys can be designed for specific properties or applications by 
understanding the fundamental mechanism of the desired charac- 


teristic. This includes a knowledge of atomic structure, atomic 


mechanism and the design principles for metal properties. 


ls is often necessary to form or im 
prove a metal for specific applications 
such as corrosion resistance, mag- 
netic behavior, damping characteris 
tics and others. Generally, these im 
provements are made by trial and er 
ror—adding or subtracting alloys—to 
the basic metal. However, by under 
standing the fundamental mechanism 
of the desired characteristic an alloy 
can be designed for an application 
For example, 12 per cent chromium 
steel is used as blading material for 
steam turbines. Its high strength pre- 
vents deformation at operating tem- 
peratures of 1000 F; its high corrosion 


B2 


withstands steam attack; 
and its high damping capacity pre- 
vents failure by 


resistance 


fatigue. However, 
new turbines are designed for inlet 


temperatures of 1200 F—far above 


the temperature where 12 per cent 
chromium steel, or any modification, 
has adequate strength. Other materials 
may have adequate strength and cor 
rosion resistance but not the damping 
characteristics. An understanding of 
the fundamental mechanism of damp 
ing has permitted the design of a high 
damping capacity alloy having the 
necessary high-temperature strength 


and corrosion resistance necessary 


The understanding of design princi- 
ples will permit the improvement of 
metals and alloys and the development 
of new types of alloys. At present, the 
major demand is for the development 
of metals and alloys to withstand more 
severe service conditions 


ATOMIC STRUCTURE OF A METAL 

A characteristic feature of a solid 
metal is the orderly arrangement of the 
atoms in a three-dimensional network 
Usually the orderly arrangement is 
constant over a comparatively small 
region—a grain—and the orientation 
of adjacent grains are essentially inde- 
pendent of one another. Fig. | shows 
some of the irregularities that might 
occur in a metal structure. The de- 
scription is for a static structure ap- 
propriate to very low temperatures 

At moderate, and particularly at 
high temperatures, the atoms in a metal 
are in a constant state of flux. The 
individual atoms vibrate with a high 
frequency in the order of magnitude 
of 10° cps. Vacancies rapidly roam 
throughout the metal, resulting in a 
continual reshuffling of parent and 
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metal properties 


foreign atoms. In this reshuffling, for- 
eign atoms precipitate; other precipi- 
tate particles partially redissolve. Dis- 
locations are continually gliding back 
and forth as well as climbing up and 
down, with a concomitant condensa- 
tion or evaporation of vacancies 


ATOMIC MECHANISM OF DEFORMATION 

The atomic mechanism of deforma- 
tion in metals can best be understood 
when contrasted with an amorphous 
material such as tar. The rate of de- 
formation in an amorphous material 
is strictly proportional to the applied 
load. Fig. 2 shows a plot of deforma- 
tion rate vs. load for an amorphous 
material and a metal. 

In many amorphous materials such 
as glass, the load required to produce 
an appreciable rate of deformation at 
room temperature is so high that on 
raising the load the material fractures 
without deformation. The load to pro- 
duce a given deformation rate in a 
metal is relatively insensitive to tem- 
perature, increasing by only a small 
factor between room temperature and 
the temperature of liquid helium 
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The difference in deformation be 
havior is in the actual atomic move- 
ments. In both instances, an elemen- 
tary act of deformation takes place 
by rearrangement of atoms in local- 
ized region. Fig. 3 shows the rear- 
rangment for an amorphous material 
and metal 

In a metal, an elementary act of 
deformation may consist of the glide 
of a dislocation by one atomic layer 
The associated atomic movements are 
so small that they can be 
solely by an externally applied stress 


induced 


No thermal fluctuations are necessary 

In crystals, deformation proceeds 
mainly via the glide of dislocations. In 
metals, such glide may be impeded 
by precipitate particles, gain bound 
aries, or other dislocations. When the 
applied stress is not sufficiently large 
to cause the dislocation to glide 
through a given obstacle, the disloca- 
tion can, given time, climb around 
the obstacle by the mechanisms of 
condensing or evaporating vacancies 
Climbing is more rapid at temperature 
since the motion of vacancies occurs 
only through thermal! agitation 
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At moderate temperatures, disloca- 
tions move only by gliding. Impurity 
atoms, atomically dispersed, exert 
only a slight retarding action. Precipi- 
tation into particles increases the re- 
tarding effect upon glide since a dis- 
location cannot penetrate the particle 
Impurity atoms tend to be squeezed 
into dislocations, however, only at ele- 
vated temperatures where the impur- 
ity atoms have mobility. The result 
ing clogging of dislocations presents 
an impediment to the glide and climb 
of dislocations 

At high 
dispersed impurity atoms exert a sec- 


temperatures, atomically 
ond effect. Dislocations are continually 
moving to configurations of lower po 
tential energy, resulting in partial mu- 
tual annihilation and in partial order- 
ing. The result is a reduction in the 
impediments to the motion of other 
dislocations and the metal softens. By 


their clogging action impurity atoms 
prevent such softening 
Fracture stress of perfect metal- 


crystals is estimated at 1 x 10° psi 
or higher, corresponding to an elastic 
strain of several per cent. Common 


pure metals fracture at stresses of 


only 1/10 or less of this value. Frac- 
ture in metals as commonly prepared 
must have imperfections to cause the 
lower fracture stress value 

Premature fracture of metals at low 
stress levels can be caused by two 
types of imperfections acting singly or 
together: (1) structural imperfection 
giving rise to local stresses at higher 
than the overall stress; and (2) chemi- 

laminar or 
chemical ele- 


cal imperfection of a 
planer distribution of 
ments or compounds having abnor- 
mally low-cohesive strength 
Deformation introduces high stress 
concentrations within a crystal under 
all known conditions. Dislocations ap- 
pear to follow one another along a 
The spearhead 
of such a cluster advances until stop- 
ped by some obstacle. The continued 
behind the 
stopped spearhead builds up a high 
stress concentration in an attempt to 
force the spearhead through the ob- 
stacle. Fig. 4 shows the build up of a 
stress concentration caused by dislo- 


cation clusters. 


common glide plane. 


advance of dislocations 


While the interior of a grain does 
not deform until the stress reaches a 
critical value, the grain boundary re- 
sponds to a load in the same manner 
as a viscous material. The regions on 
the two sides of an element of grain 
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Fig. 2—Deformation rate vs. load. Rate of 


deformation 


in a metal is_ essentially 


zero 


until a critical load is reached. In an amor- 
phous material the load required to cause a 
given rate of deformation increases rapidly 
with a decrease in temperature. Thus a load 


may be doubled by a 10 C drop in temperature. 


Fig. 3—Large atomic movements are needed for an elemen- 
tary act of deformation to occur in an amorphous material. 
Such atomic movements cannot be induced by an externally 
Movements occur only 


applied stress. 


through thermal 
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fluctuations; external stress can only modify the size of 
the thermal fluctuation needed to cause the rearrangement 
of atoms. In a metal the deformation may consist of the 
glide of a dislocation, with only slight atomic movement. 





boundary slip over one another at a 
rate proportional to the shear stress 
element. Fig. 5 
shows this action of boundary slip. 
Smali amounts of impurites could 
not appreciably lower the resistance 
to fracture if the impurity atoms re- 
mained atomically dispersed. Many 
impurity atoms tend to segregate into 
films that envelop the grain bound- 
aries; these films having only a slight 
with the adjacent grains. 
Now the overall fracture strength can 
be only as high as that of the weak- 
est plane in the metal. Only minute 
traces of segregated elements are nec- 
premature fracture. 
Bismuth is an element which segre- 


acting across the 


cohesion 


essary to cause 
gates in copper. Also, common gases, 
oxygen and nitrogen, as well as com- 
mon alloying elements such as silicon 
and carbon, have pronounced segrega- 
tendencies. 

Thus grain boundaries are not only 
the site of high stress concentrations 
caused by the act of deformation, but 
also may be the site for the formation 
of weak films. The combination of 
high stress concentration at points of 
intrinisic weakness frequently render 
grain boundaries the weakest link in a 
metal structure. 

Minute traces of oxygen or nitrogen 
embrittle molybdenum, the molybde- 
num failing along the grain bounda- 
ries. Hydrogen in a steel during manu- 
facture can cause failures in forgings by 
diffusing into deformation cracks and 
causing disruptive expansion. 
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DESIGN PRINCIPLES 

Ihe appropriate choice of the gene- 
ral type of material for a particular 
application can be made from certain 
considerations. For example if light- 
ness is important and high tempera- 
ture operation is not required, an 
aluminum-base alloy may be used. If 
the material is to operate at room or 
only elevated temperatures, an iron- 
base alloy may have advantages. For 
high temperature operation, molyb- 
denum may be needed. Only after the 
general type of material has been 
chosen, and the problem of alloying 
and processing is reached, is the need 
for metallurgical design principles 
met. 

A common requirement is high 
resistance to deformation high 
strength as measured by yield or hard- 
ness, or stress required to produce a 
given creep rate. However, premature 
fracture in service may occur with lit- 
tle or no appreciable prior deforma- 
tion, unless the material has a certain 
minimum ductility. In service, local- 
ized regions of stress concentration 
arising from notches, scratches, or in- 
clusions are unavoidable. Unless these 
localized regions are susceptible to con- 
siderable plastic deformation and, 
therefore, to stress relaxation, fracture 
will occur before the overall stress 
level reaches the design level. In- 
creased strength may be gained, Fig. 
6, by sacrificing material ductility. 

The effect of impurity elements, 
such as oxygen and nitrogen gases, 


may be minimized by 
ramic crucible contamination through 
the use of a cold hearth melting tech- 
nique as done in arc melting or in in- 
duction drip pool melting. Also the 
harmful effect of contaminating gases 
may be lessened by avoiding film for- 
mation. If oxygen is tied up in the 
form of a refractory oxide, it is rend- 
ered essentially harmless. 

A further improvement in the 
strength-ductility relationship can be 
made by minimizing the stress con- 
centration induced by deformation. 
Stress concentration induced by dis- 
location clusters impinging against 
ground boundaries is higher the larger 
the grains. Reduction in grain size, 
therefore leads to an _ improved 
strength-ductility relation. 

Finely dispersed precipitate particles 
will lessen stress concentrations caused 
by deformation. Such particles appear 
to cushion grain boundaries against 
the impact of the dislocation clusters’ 
spearhead. Thus, a 2 per cent addition 
of finely dispersed aluminum particles 
to zince doubles the yield strength 
and increases the reduction area from 
25 to 29 per cent. 

Two primary factors are respon- 
sible for a decrease in strength at ele- 
vated temperatures: (1) gradual de- 
creases in the dispersion of the precipi- 
tate particles; and (2) increased mobil- 
ity of dislocations, particularly in 
vertical or climbing motion. 

Coalescene can be reduced by using 
precipitate particles having lower 


avoiding ce- 
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Fig. 4—Stress concentration increases with the cluster size. 
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boundary to boundary. The larger the grain, the higher the 
stress concentration induced by the dislocation cluster. 





solubility and lower mobility. Thus, 
steels hardened by a finely dispersed 
tungsten retain their 
hardness at higher temperatures than 


carbide phase 
steels using iron carbide 

Mobility 
addition appropriate 
tion alloying elements that clog the 
dislocations. The most effective alloy 


the 


solu 


may be decreased by 


of solid 
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ing elements, for a given concentra- 
tion, for clogging dislocations 
those that differ in 
of the base element 


are 


size from those 


The element ordet 
in which one atomic per cent of alloy 
ing elements raises the recrystallization 


temperature of iron is manganese 


chromium, molybdenum, vanadium 


tungsten, columbium and _ tantalum 


Strength 





same order in which atomic size 


that of 


the 


differs from iron 
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Strength vs. ductility. Increased 


strength, with a concomitant reduction in ductility, 


can be obtained by 


raising alloys content and/or 


lowering tesnpering temperature. 


Fig. 5— Left. Rate of slip increased rapidly with a slight 
rise in temperature. Since no relative motion can occur 
at the junction of these grains, a high stress concen- 
tration is acquired. Cracks started at junctions can 
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7 spread throughout the part. Metal parts are susceptible 
to such cracks under conditions of low stresses and 
high temperatures for a long time. 
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Fig. 2—Tensile strength of three WZ alloys 
at elevated temperatures. 
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From 


ASTM Paper 


Titanium-car 


bide cermets for 


Nickel-chromium and nickel-cobalt-chromium binder cermets for application in 


Tu group of cermets known as “WZ 
materials” is composed of a compara- 
tively high-purity titanium carbide and 
alloys of nickel-chromium or nickel- 
cobalt-chromium. The titanium car- 
bide is prepared by carbon reduction 
of titanium dioxide, while the nickel- 
chromium and nickel-cobalt-chromium 
alloys are obtained through commer- 
The proportions of ti- 
tanium carbide powder to alloy pow- 


cial sources 


der is varied to produce properties 
most suitable for the intended applica- 
tion. If a material is to be of high 
stress-to-rupture strength and the im- 
pact requirements are of relatively 
minor importance (such as for small 
turbine wheel applications), materials 
containing approximately 25 to 40 per 
cent, by weight, of alloy are used. For 
an application where lower high-tem- 
perature or stress-to-rupture strength 
but increased resistance to impact, is 
acceptable, a material containing be- 
tween 50 and 65 per cent by weight of 
binder may be used. This latter mate- 
riai is still satisfactory from a creep 
resistance point of view and exhibits 
considerably more impact strength 
than the lower binder content material. 

These cermets of titanium carbide 


Bo 


and alloys of nickel-cobalt-chromium 
or nickel-chromium are intended for 
use in the temperature range of 1700 
to 1800 F. This is above the normal 
operating temperatures of the super- 
alloys. However, the inherent brittle- 
ness of these cermets, a shortcoming 
usually found in materials of high 
creep resistance, has made their im- 
mediate acceptance difficult. It is ex- 
pected that the shortcomings of these 
materials will be overcome by addi- 
tional titanium-carbide research. 
Two major groups of materials are 
now being produced, Table I; group 
WZ | containing a nickel-chromium 


binder and group WZ 12 containing a 
nickel-cobalt-chromium binder. For 
both groups it is advantageous to in- 
corporate small amounts of molybde- 
num. Molybdenum eliminates free 
carbon and oxygen that, if present, 
would be detrimental to the physical 
properties of the WZ materials. 

All specimens are prepared using 
normal powder metallurgy techniques; 
mixing the carbide and metal powders 
in ball milling operations and subse- 
quent cold pressing, presintering, and 
final sintering. Shaping of the parts to 
be produced is done by cold pressing 
in the presintered state. 


Table I—Composition and Physical Properties of WZ Alloys 





Chemical Composition, per cent 


Tita 
nium 
Carbide | Nickel 


Binder 

per 
Alloys cent Cobalt 
WZ-1b 40 
WZ-1c 50 


WZ-1d 65 


60 32 
50 40 
35 52 
WZ-12a 5 75 15 
WZ-12b.. 60 24 
WZ-12c. 50 30 
WZ-12d 35 39 


Average Coefficient 
of Thermal 
Expansion, 

per deg Cent, 
20 to 1000 C 


10.2 X 107° 


Vickers 
Hard- 
ness 


Density, 
@ per 
cu cm 
6.20 | 
6.50 


Chro 
mium 





950 | 
790 | 
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Fig. 3 Left—Tensile strength as a func- 
tion of binder content of WZ 12 cermets 
at various temperatures. 


Fig. 4 Below—Stress-rupture values of 
WZ 12c titanium-carbide. 


Fig. 5 Right—Stress-Rupture values (100- 
hr life of various WZ alloy cermets). 
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high temperature applications 


the temperature range of 1700 to 1800 F. 


Sintering operations are carried out 
in “a technical vacuum.” The vacuum 
furnace is equipped with molybdenum 
heating elements, and the vacuum ob- 
tained during the sintering process is 
of the order of 0.1 mm of mercury. 


PROPERTIES OF WZ MATERIALS 

Some of the basic physical proper- 
ties of WZ materials are also shown in 
Table I. The density of these materials 
varies from about 6 to 6.9 g per cu cm, 
depending on the binder content. The 
Vickers hardness is also dependent 
upon the binder, hardness decreasing 
with increasing binder content. 


The strength properties of WZ ma- 
terials are shown in Table II. The 
flexural strength as well as the tensile 
strength at room temperature is quite 
high; both increase with binder con- 
tent. Impact strength also increases 
with binder content, while modulus of 
elasticity and stress-to-rupture strength 
decrease with increasing amounts of 
binder. A WZ 12c test specimen broke 
after 1064 hr at 800 C with a load of 
38,000 psi and a WZ 12d test speci- 
men has operated for over 4000 hr at 
760 C with a load of 37,000 psi 

The temperature dependency of the 
flexural strength of two types of the 


Table Il—Strength Properties of WZ Alloys 


K PFAFFINGER « H BLUMENTHAL e F W GLASER 


WZ 


12c 


WZ 
nickel-cobalt 


12 series is shown in Fig. | 
with 50 per 
chromium binder maintains its room 
temperature flexural strength up 
400 C. The flexural strength of WZ 
12d, however, which contains 65 per 
cent the 
slightly above room temperature 
The tensile strength of the WZ ma 
terials exhibits a similar 


cent 


to 


of alloy binder, decreases 


temperature 
dependency, as Fig. 2 While at 
room temperature the tensile strength 


shows 


increases with 
tent, 
curves of the 
at higher temperatures 


increasing binder con 
the temperature-tensile strength 
alloys intersect 
At 1000 C the 


various 





Binder, 
per 


cent 20 C 


185 ,000 to 199, 000 
50 226 ,000 to 242,000 
65 242 ,000 to 255,000 
25 | 170,000 to 185,000 
40 191 ,000 to 213,000 
50 226 ,000 to 255,000 
65 248 ,000 to 268 ,000 


Alloy 


WZ-1b 
WZ-Ic 
WZ-1d. 
WZ-12a 
WZ-12b 
WZ-12c. 
WZ-12d 


40 


Flexural Strength, 


Charpy Impact 
Strength, ft-lb 


Tensile Strength, psi 


20 C 900 C 
64, 
72, 
60, 


000 3 
000 «64 
000 66 


99 ,000 to 114, 
127 ,000 to 142, 
135,000 to 150, 


000 
000 
000 


85,000 to 99,000 
114,000 to 127 ,000 
127 ,000 to 142,000 
142 ,000 to 156,000 


71, 
64, 
54, 


73,000 
68 ,000 


20C 


16 
16 
56 


73 
09 
53 
00 


Stress-Rupture 
Modulus of 100-hr Life, psi 
Elasticity 
psi at 20 C 800 C 


900 C 1000 C 


4.16 
6 47 


54.500 ,000 


500 ,000 
,000 ,000 
, 700 ,000 
,000 ,000 


500 
500 
500 


15, 
12, 
000 i) 


45,500 
37 
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tensile strength decreases with higher 
binder content. This is clearly shown 
3 in which tensile strength 
versus binder content is plotted. 
important than 
flexural strengths is the high-tempera- 
ture strength under constant stress. 
Fig. 4 shows stress-to-rupture strength 
curves of WZ 12c at 800 and 1000 C 
The flat shape of these curves is char- 
acteristic for nearly all cermet mate- 


in Fig. 


More tensile and 


rials. The effect of temperature on the 
100-hr strength of three WZ alloys is 
shown in Fig. 5. Just 


strength decreases at higher tempera- 


as the tensile 


ture with increasing binder content, so 
does the stress-to-rupture strength. 
The modulus of elasticity of three 
WZ alloys as a function of tempera- 
ture is shown in Fig. 6. The oxidation 
resistance of these materials was tested 
in stagnant air at 1000 C; Fig. 7 shows 
the results with weight gain plotted 
versus time. The parabolic shape of 


Bs 


wz i20 


WZ i2b WZ i2c 
these curves shows that a protective 
oxide layer is formed during exposure 
Impact strength of WZ materials at 
room temperature and at 900 C is 
shown in Fig. 8. The values given are 
the results of a Charpy-type test, using 
an 11 ft-lb pendulum hammer. Sam- 
ples were polished and unnotched, 
with a cross-section of 10 by 10 mm 
and a length of 55 mm. They were 
broken over a span of 40 mm. Values 
were obtained in the following man- 
ner: The samples were heated in a 
muffle furnace to 1000 C and then 
clamped into the impact tester. When 
they had cooled down to 900 C, the 
hammer was released. Although not 
exact, this procedure gives the order 
of magnitude of the true value. 
NACA has developed a heat-shock 
in which a disk 2 in. in diam- 
eter and % in. thick is heated and 
quenched in a stream of cold air. This 
process is repeated 25 times at tem- 


test 


Weight gain, mg per sqcm 














Fig. 6 Above left—Modulus of elasti- 
city of some WZ. titanium-carbide 
alloys at various temperatures. 


Fig. 7 Above—Oxidation of WZ al- 
loys at 1000 C in stagnant air. 


Fig. 8 Left—Impact strength of some 
WZ titanium-carbide alloys at room 
temperature and 900 Centigrade. 


peratures of 1800, 2000, 2200, and 
2400 F. If the sample withstands these 
100 temperature changes without the 
occurrence of cracks, the stability to 
temperature changes of this material 
can be regarded as good. Most of the 
WZ alloys mentioned in this report 
have been subjected to test by this 
method, in the NACA laboratory, and 
have stood the test without failure. 
In summarizing the properties of 
WZ cermet, it can be stated that the 
properties of these materials at any 
given temperature are functions of the 
amount and type of binder content 


REFERENCE: 

Titanium-Carbide-Base Cermets for 
High Temperature Service by K. Pfaf- 
finger, H. Blumenthal, and F. W. Glaser 
Published by the American Society for 
Testing Materials, 1916 Race St., Phila- 
delphia 3, Pa 
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From: Inco Bulletin METALS AND ALLOYS R 


Mechanical properties of nickel alloys at low temperatures 





Yield Strength Tensile Reduction Charpy Impact 
0.2% offset, Strength Elongation, of Area Hardness Strengt! 
Material Condition . psi psi & in 2 in / Rockwell ft-Ib 


Hot-rolled 24 ,600 65 ,600 50 0 
27,500 76,400 
28 ,000 98 ,000 
103 ,000 


Celd-drawn c 97,400 103,400 : 19C 
101,800 112,300 22C 
NICKEL 
As cast 27 ,600 64 , 200 2 111 BHN 


Weld-metal 


Annealed ,300 78,650 
7 , 500 115,250 


Forged ,000 92,000 
297 500 128,250 
,400 142 ,000 


Cold-drawn 700 103 , 800 
850 117,450 

Cold-drawn, 900 82,700 
annealed 36,750 95 ,300 
300 120 ,400 

400 132,100 


,675 79 ,000 
250 81,200 
, 500 86 ,650 
150 89 600 


Weld metal 


As cast 5 103 ,000 192 BHN 
H MONEL 1 


As cast 7 142,200 


Cold-drawn 125,900 157,300 
age-hardened 134 ,600 171,550 
Annealed 50 ,000 100 ,000 
53,950 124,400 

Annealed, 100 ,000 140 ,000 
age-hardened : 112,400 177,150 


Hot-finished 50 ,000 110 ,000 
‘ 61,800 132,900 


Hot-finished, 110 ,000 150 ,000 
age-hardened : 130 ,400 191,950 


Cold-drawn 90 ,000 120 ,000 
138 ,650 158 ,500 

Cold-drawn, 120 ,000 160 ,000 
age-hardened 3 160 , 200 202 ,000 


Welded 45,000 95 ,000 
. 67 ,000 126,850 

Welded, 90 ,000 125,000 
age-hardened 118,100 159 ,000 
36 ,800 93 ,800 
42,400 106 ,450 


Annealed 


Cold-drawn 147,700 152,100 
154 ,900 163 ,900 


145 ,000 


182 ,000 
INCONEI a 


Hot-rolled 87 ,000 
116,750 


As cast 75,700 if 2 160 BHN 
Weld metal 


Age-hardened - | 480,000 
INCONEL X 





*—Fracture in weld b>—Nominal values 
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Petroleum 
Processing 


From 


ALLOYS: 


compositions and uses 





ALLOY 


Abyssinian gold 


Admiralty metal 


Alclad 

Alnic o 
Alumel 
Ardal Metal 
Babbitt metal 


Balco 
Beraloy 


Bet halloy 
Brass 
Bronze 

67 Chisel 


Chliorimets 
Chromax Castings 
Chrome! 


Cobenium 


——- —_ 


Comokut 


Constantan 


Cupron 


Dowmetal 
Duralumin 


Duroc hrome 


Duranik kel 
Durco 


Durichlor 


Durimet_ : 
Duriron 
Duronse 
Easy- 


Elcomet 


Elinvar 


Elkonite 


Enduro 


Evanohm 
Everdur 
Fahralloy 
Fahrite 
Frary ‘metal 


Galvo-Link -mag 


-pak, -rod 


German silver 
silver) 


Graphalloy 


Hadfield’ &S manganese 


steel 


(nickel 


MANUFACTURER 


Genera! Electric Co., and licensees 


Hoskins Mfg. Co 


Ardal Ltd 


Wilbur B. Driver Co 
Wilbur B. Driver Co 


Bethlehem Steel Co 


Bethlehem Steel Co 


The Duriron Co Inc 
Driver Harris Co 
Hoskins Mfg. Co 
Wilbur B Driver Co 


Bethlehem Steel Co 


Hoskins Mfg. Co 
Wilbur B. Driver Co 
The Dow Chemical Co. 


Thompeon Products, Inc. 
International Nickel Co 
The Duriron Co., Inc. 


The Duriron Co., , Ine. 


The Duriron Co., Inc. 


‘The Duriron Co., Inc. 


: Bridgeport Brass Co. 


“Handy & Harman 


LaBour Co 


"Pp. R. Mallory Co. 


Republic Steel Co 


Wilbur B. Driver Co 
American Brass Co. 
American Mangancee Steel 
~ Ohio Steel Foundry Co. 
Dow Chemical Co 


Graphite Metallizing g Co. 


| 
| 


APPLICATION 


Marine parts, condenser tubes, ‘impellers, 
“gold"’ decoration 


Condenser and heat exchanger tubing 
Resistance to corrosive conditions 
Permanent magnets 

Thermocouples and lead wires 
Bearings, pistons, wire 


Bearings 


Thermometer bulbs 


Diaphragms, springs, electrical contacts 


Tools and dies 


Nuts and bolts, tubing, valves 


Pipe, valves, bushings, gears 
Shock resisting tools 


Hydrochloric and sulfuric acid 


Furnaces and chaine 


Heating elements, rheostats 


Springs: and corrosive conditions 


High speed tools 


Thermocouples and r resistors 


Electrical resistor for ‘low temperature 


Rheostats and electrical resistors 


Lightwe ight and corrosion resistance 


Machinery and boat parts resistant t to ‘acids 
and sea water 


Valve seat inserts 


Corrosion 1 resistance 


Resistance t to acids 


" Resistance to hydrochloric ‘acid 





Sulfuric and other acids 


“Most acids and salts; not alkalies 


“Tanke, geers, hardware 


Brasing gas-ti tight joints 


Valve and pumps 


Thermostats, metal-t to-glass ‘seal; has con- 
stant modulus of elasticity — 


Valve seats, bearings 


Furnace parts, and general corrosive con 
ditions 


Precision wound resistors 


Acid pumps 


Furnace parts 


"Bearings 


Cathodic protection 





Screws, name plates 


Self-lubricating bearings, electrical brushes 
and contacts 


| 
| 


| 


COMPOSITION 


r 10% a aluminum in copper 


71% copper, 28% zinc, 1% tin 

Coating of high-purity aluminum over 
wrought aluminum or alloy 

Various | combinations of aluminum, nickel 
and co 


with smal] amounts of 
se, and silicon 


About 94% % nickel, 





Aluminum alloy with 2% Cu, 1. 71% . Fe, 
and 0.6% Ni 

Tin or lead base, with varying amounts of 
antimony and arsenic 


70% nickel, 30% iron 
Copper alloyed with 1-2% beryllium 


Steel with 0.75 C, 0.75 Mn, 0.90 Cr, 
Ni, 0.35 Mo 


1.75 


Copper-zinc alloy, with some lead or tin 


ontent (1-3 %) 


Cpper-tin alloy, with some lead or zinc 
ontent 


Steel with 0.50 C, 0.75 Si, 1.15 Cr, 0.20 V, 
2.50 W 


Nickel- base alloys 


Perreus alloys with Ni and Cr 

Nickel, chromium and iron 

40% cobalt, 20% nickel, 15% 
denum, 7% manganese, 2% 
0.40% CG; ir iron, balance 


molyb- 
beryllium, 


Steel with 18: 18% _ tungsten (W), 4.50% Cr, 
25% Vv. 5.0% Co 
43% ‘nickel, 57% copper 


55% copper, 45% nickel 
45% nickel, $8% copper 


85% or more of magnesium 
Aluminum with , 4% 
0.25-1.0% Mn 


‘Si- Cr-Mo alloy cast iron 


Cu, 0.5% Mg, and 


Wrougth with 94% nickel 


Cast steel alloys (a series) 


Iron with 14.5%%Si, 0.85 C, 0.65% Mn, and 
3.0% Mo 





Iron with Ni-Cr-Cu- Mo- c 


"Tron with Si-C-Mn 
__ Copper with 2- 23% si and Al 





~ 50% silver, and Cu-Zn-Cd 


Nickel-chrome iron alloy 


Iron, with 36% Ni and 12% Cr 


Sintered tungsten “copper alloys 


A series of stainless steels resistant to high . 
temperatures 


75% Ni, 20% Cr, 2.5% Al, 2.5% Cu 


Copper- silicon alloys” 


Chromium- nickel alloys 


Hi- chromium nickel steel 


Lead with 1-2% of Ba and ‘Ca 


Magnesium ¢ alloy or snotal 





Copper base with 18% nickel and 17-27% 
zine 





Graphite impregnated with a metal or 
alloy 





Drilling, and material-handling where se- 
vere wear is expected 


Austenitic steel with about 1.2% C and 
12% Moa 





Bi0 
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ALLOY MANUFACTURER 
Hascrome Union Carbide 


Hastelloy Union Carbide 


Haynes Stellite Haynes Stellite Co. (Div. of Union 
Carbide 


Haystellite 


Herculoy 


Haynes Stellite Co 


Revere Copper & Brass 


Hy -ten-sl American Manganese Bronze 


pany 


Ilium Burgess-Parr Cc 


Inconel International Nickel Co 


Invar (Nilvar 


Kanigen 
Corp 


Incoloy International Nickel Co 


Kelcaloy M. W. Kellogg & Co 


Kennametal Kennametal Inc 


Kentanium Kennametal Inc 


K Metal (Kone! Westinghouse Electric Cx 


Ledloy steels 


Lo Cro Crucible Steel Co. of America 


Magclad 


Manganin Wilbur B. Driver Co 


Bethlehem Steel Co 


Michigan Steel Casting Cx 


International Nickel Co 


Multimet Union Carbide 


Muntz Metal 


Nichrome Driver-Harris Co 
Nickel silver 


Ni-Resist 


International Nickel Co 


Nitralloy (nitrided 
steels 


Per m al lo y 
Perminvar 
Pyrophoric alloye 
Red brass 
Resistac American Manganese Bronze Co 
Rodar American-La France Corp 
Silmanal General Electric Co. 
Stellite Union Carbide 
Tobin bronze 


Toncan Iron Republic Steel Co 


Wood's meta! 


Worthite Worthington Corp 
¥ alloy 


Zamak New Jersey Zinc Co. 


General American Transportation 


APPLICATION 
Facing wear-resistant parts 


Pumps, tanks, autoclaves, heat exchangers, 
etc. 


Hard facing parts subject to heat, abrasion 
erosion 


Hard facing equipment 


Tanks, blowers, nuts and other equipment 
for chemicals 


Heavy duty gears 
wheels 


bearings, valves, worn 


Acid pumps, tanks, valves, spray nozzles 
bearings 
Corrosion resistance at high temperatures 


Accurate moving parts where expansion 
with temperature is undesirable 


Valves, pump parts, vessels, exchangers 
and processing equipment for corrosion 
protection 

Hydrogen and ammonia plants 

Pressure vessels 

Cutting tools and wear resistanc« 

Turbine blades, valve seats, flame tubes 
bearings requiring high strength at hig! 


temperatures 


Special valves and turbine blades with high 
strength at high temp 


Faster machining 
High temperature bolts 
Resisting atmospheric corrosion 


Resistors, potentiometers 


High temperature corrosion resistance and 
wear 


Furnace parts, valves, stills 


Alloy improver, lighter flints 


Corrosion resistance with acids, alkalies 
brines and water 

Rotors, turbines 
nozzles 


high-temperature bolts 

Condenser plates, evaporator and heat ex 
changer tubing, valve stems 

Heating elements, rheostats 


Resistance to acids 
Resistance to sulfuric acid 


Parts subjected to wear and mild corrosive 
conditions 

Magnets with high permeability 

Magnets with high permeability 


Welding and other lighters 


Heat exchangers, piping 


‘Valve seats and guides 

Sealing meta! to hard glass 
Permanent magnets, cold worked 
Valves, tools, and hard-facing 
Brazing rods, pumps, valves 
Piping 
Sprinkler aystems. low melting point 


Pumps and valves in acid service 


Castings 


Die castings 





COMPOSITION 
Irom with Cr-Mn 


Nickel-iron alloys with Mo, Si, Cu 
Cobalt base with Cr and W (tungsten 


Tungsten carbide 


Non-magnetic silicon bronze 


Bronzes with 60-68 Cu, 20-24% Zn 
3-7 Al, 2.5-5 Mn, 2-4 Fe 


Nickel alloys of 22.5 Cr, 6.5% Fe, 6.5% 
Cu, 6.4 Mo and small amounts of Al 
Mn, Si and C 


About 78 Ni, 15 Cr, 6 Fe 
amounts 


Iron and 36 nickel, with minor 
of Man, Si and C 


nickel-phosphorus coating chemically de 
posited on alloys of iron, copper, nicke 
and aluminum 


Iron with 324% Ni, 2 Cr, 0.75 Mg 
Iron base-alloys clad on steel or iron plate 


Cementing carbides of titanium and tung 
sten carbide 


Titanium carbide alloys 


Ni-Co-Ti alloy with Si-Al-Mn 


Steels with small quantity of 


added lead 
Steel alloys with 5°) Cr, and sometimes 1 
W and 0.5 Mo 


Magnesium alloy sheet clad with layers of 
anodic magnesium alloy 

Copper, manganese and nickel 

Steel with 1% Ni, with varying amounts of 

Cr, Ti, W, Ma, Si 

Hi-chrome stainless steels 

Rare carth metals, about 50° cerium, with 

La-Nd-Pr-Sm 


Ni, 30 Cu; remainder is iron and 
manganese 


Iron-base alloy 


60 copper, 40 zinc 


60% Ni, 24% Fe, 16% Cr, 0.1% C 

Copper alloys with 17-32 Zn and 10- 
30% Ni 

Cast iron with 14-30 Ni, 4 
3.5% Cr, and 1% Mo 

Alloy steels containing eluminum and 
treated with ammonie gas for surface 
hardening 


Nickel alloy with about 20% Fe 


Cu, 0.5- 


Nickel alloy with 22.5% 
Iron-cerium alloys 


85% Cu, 15% Zn 


Al, 1-5% Fe 


Copper with about 10% 
Iron-nickel-cobalt alloy 


87% Ag, 9% Mn, 4% Al 


Cobalt base with Cr and W 


6% Cu, 39% Zn, 1% Sn 
Iron with 0.4% Cu and 0.7% Ma 


Alloys of cadnium and bismuth 


Cr, 24% Ni, 3 
Cu,..0.06% Ma, 





Stainless steel with 20 
Mo, 3.25% Si, 1.75 
and 0.07% C 








Aluminum with 4% Cu, 2% Ni, 1.5% Mg 


High purity Zn with Al, Mg, Cu 





-——(!) Manufactured by many companies 
@) Names of alloys in italics are trade names 
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Thermal expansion 


coefficients for 51 metals 





W.A. TUCKER, Westinghouse Electric 


Corporation 


T nt 1931 Symposium on Effect of 
Temperature on the Properties of Met- 
als included a comprehensive summary 
entitled “Thermal Expansion of Met- 
als” by Norman L. Mochel; this sum- 
mary was published jointly in 1931 by 
the American Society for Testing Ma- 


terials and the American Society of 





Chemical Compositions of Metals 





Materiz 


70 Cu-30 Ni 

80 Cu-20 Ni 

0 Cu-30 Zn 
Leaded Ni Bronz« 
65 Ni-30 Cu 

Gray Cast Iron 
Ni Resist 

C Steel Bar 


C Steel Plate 
C-MoC isting 


C-Mo Pipe 

Cr-Mo Bar 

Cr-Mo Casting 
Cr-Mo-V Bar 
Cr-Mo-V Forging 
Cr-Mo-W Forging 
Ni-Cr-Mo Forging 
Ni-Cr-Mo-V Forging 
2 Ni Forging 

3 Ni Forging 


Nitriding Steel 
High W Steel 

12 Cr Bar 

12°Cr Plate 

12 Cr Casting 
12 Cr Quality 

13 €r-Mo-W 

17 Cr-2 Ni 

17 Cr-C 

1S Cr-15 Ni-3 W 


16 Cr-25 Ni-6 Mo 
18 Cr-8 Ni Bar 
18 Cr-8 Ni Pipe 
18 Cr-8 Ni Forging 
9-DL 
9-DX 
Cr-35 Ni 
Ni-8 Cr... 
Cr-12 Ni 
Cr-20 Ni 


Refractaloy 26 
Refractaloy 80 
G18B 

K42B 

N155 

$816 

Discaloy 
EME... 
Inconel X 
Stellite 25 
Stellite 31 





(15Zn, 2Sn, 6Pb) 


Other Condition Prior to Test 

Rolled, annealed bar 

Rolled, annealed bar 

Rolled, annealed bar 

Centrifugal casting 

Rolled, annealed bar 

Cast 

Cast 

Rolled, normalized, stress 
relieved bar 

Rolled, annealed 

Cast, normalized, stress 
relieved 

Annealed 

Quenched, tempered bar 

Normalized, stress relieved 


Quenched, tempered 


(30Zn) 


Normalized, 
Normalized, 
Normalized, 
Normalized, 


stress relieved 
stress relieved 
stress relieved 
stress relieved 


(1Al, 1Cb) 


Quenched, tempered 
Quenched, tempered 


Annealed bar 
Quenched, tempered 
Annealed 

Rolled, annealed 

Cast 

Quenched, tempered 
Quenched, tempered bar 
Quenched, tempered bar 
Quenched, tempered bar 
Stress relieved forging 


Stress relieved forging 
Stress relieved 

Stress relieved 

Stress relieved 

Stress relieved forging 
Stress relieved forging 
Stress relieved forging 
Stress relieved forging 
Stress relieved forging 
Stress relieved forging 


Stress relieved forging 
Stress relieved forging 
Stress relieved forging 
Stress relieved forging 
Stress relieved forging 
Stress relieved forging 
| Stress relieved forging 
Stress relieved forging 
Stress relieved forging 
Cast. stress relieved 
Cast, stress relieved 


3(Cb) 


(1Cb) 
(4Cb) 


(1Cb) 
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Mechanical Engineers. It contains data 
on 375 materials. The data in the 
tables below are intended to supple- 
ment the 1931 work and to bring it 
up-to-date with data covering some 
materials developed in the intervening 
time between 1931 and 1956. 

No review of the thermal expansion 
of materials would be complete with- 


out reference to the work of the Na- 
tional Bureau of Standards. In 1954 
the Bureau published a bibiiography 
entitled “Thermal Expansion of Sol- 
ids” by Peter Hidnert and Richard K. 
Kirby. (Publication LP27 of the Na- 
tional Bureau of Standards, 1954.) 
This 41 page bibliography contains 
294 references to the therma! expan- 


METALS AND ALLOYS (B) 


sion properties of every type of mate- 
rial. An excellent index is included 
The data on thermal expansion pre- 
sented in the following summary, to- 
1931 
Symposium and the 1954 bibliography, 
should be sufficient 


phase of engineering design 


gether with the work in the 


to cover every 
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Fig. 1 Above—Compression curves for metal fa- 
minates (tested at 180 Fahrenheit). 


Fig. 2 Above right—Compression curves for metal 
laminates (tested at room temperature 76 Fahrenheit). 


From: Aero Digest. 


Aluminum laminates for 
structural applications 


J. J. SAUNDERS, group engineer 
H. R. MERRIMAN, research chemist 


Structures Department, The Martin Company 


Reduced cost and simplified manufacturing 
are two assets of aluminum laminates. 
Compression and flexural creep data for 


various laminates are presented. 


Laminatep METAL structural members offer numerous ad- 
vantages in construction and application. A few of these 
advantages are: 

1. Expensive machining operations are eliminated. 
Standard aluminum sheets are precut to the desired shape, 
stacked and bonded. 

2. This process eliminates the large quantity of scrap 
produced by milling operations, which can amount to 90 
per cent of the initial slab weight 

3. Combinations of materials can be used to meet spe- 
cific requirements. Outer laminations of a highly stressed 
spar might consist of a high tensile strength, stainless steel, 
while the inner laminates of the assembly could be a lower 
density, lower cost material. 

Compression curves developed from test data for a 
variety of these metal laminates are shown in Figs. 1 and 2. 
The long column range shows no appreciable difference in 
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Fig. 3—Flexural creep curves for 17 ply specimens. 


behavior from one temperature to another. In the lower 
range, however, up to about L/p\/c = 60, slenderness 
ratio, the elevated temperature causes the compression 
specimens to fail at lower stress levels. Flexural creep tests 
were performed, Fig. 3, at 180 and 260 F. These specimens, 
made of 17 plies of 0.025 in. 7075-T6 aluminum, were 
tested with a span of 14 in. Loading was concentrated at 
the midspan, and the curves indicate the variations in creep 
deflections for various loadings and temperatures. 

Applications are in supplanting hogged-out fittings when 
considerable machining is required and as substitutes for 
large forgings. Laminated metal can be roll-contoured suc- 
cessfully, although the limits of radii for different sheet 
thicknesses have not been determined fully. Square bars of 
laminated metal have withstood turning of threads, drilling 
of holes and other severe machining operations. 


REFERENCE: 


“Manufacture and Properties of Metal-to-Metal Laminates,” 
by J. J. Saunders, Group Engineer, and H. R. Merriman, 
Research Chemist, Structures Dept., Engineering Div., The 
Martin Co., Baltimore, Md. Published in Aero Digest, No- 
vember 1955, page 52. 
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Table I—Stress Rupture Test Data tor a Low Carbon Steel Modified with Boron 





Test Normalized 
At 1700 F 


Temperature, F Time, hr 
10 
1100 100 
200 


10 23 , 300 
14,000 


1200 100 
400 


1400 4 
20 


Stress-Rupture, psi 
Normalized 
At 2100 F 


Normalized 
At 1900 F 


80 ,000 
55 ,000 
44,000 


38 ,000 
20 ,000 27 ,000 
12,000 15,000 


6,500 8,300 
3,400 4,800 
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Fig. 2 Above—Effect of titanium, boron and carbon on the 100-hour rupture strength 
of 18 Cr—8 Ni stainless steel solution treated at 2100 F and tested at 1500 F. 


Fig. 1 Left—Effect of boron and carbon on the 100-hour rupture strength of 18 Cr 
—8 Ni stainless steel solution treated at 2100 F and tested at 1350 and 1500 F. 


From: Literature Survey 


Steels and tool bits 
modified with boron 


Effect of boron and boron-titanium treatment of low carbon 


and stainless steels. New tool bits, using boron carbide as a base, 


for improved cutting and wear characteristics. 


Tue high temperature rupture 
strength of the Types 302 and 316 
stainless steels and low carbon (0.065 
C) steels are greatly improved by the 
addition of either boron, or titanium 
and boron combinations. Rupture 
ductility remains good and in general 
shows improvement over the values 
given for the base composition. These 
boron treated steels are a significant 


step in the search for high perform- 
ance steels with a minimum of alloying 
elements in the chemical make-up 
Boron carbide is harder (with the 
exception of synthetic diamonds) than 
any other man made material. In ad- 
dition to its exceptional hardness it is 
stable (no creep or growth), chemi- 
cally inert, absorbs heat slowly and 
does not mush or break down at ele- 
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vated temperatures. These character- 
istics naturally lead to the use of 
boron carbide for tool bits. Ternary 
boride and titanium diboride are two 
of the materials that have proved most 
promising for applications requiring 
high-temperature service 


TYPE 302 STAINLESS STEEL 
MODIFIED WITH BORON 

The effect of boron on the 100 hr 
rupture strength of 18 Cr- 8 Ni stain- 
less steel is presented in Fig. 1. After 
solution treatment at 2100 F an im- 
provement in strength with boron ad- 
ditions of up to 0.3 per cent is indi- 
cated. This series of steels show a 
threefold increase in 100 hr rupture 
ductility at 1500 F for boron addi- 
tions up to 0.5 per cent. Maximum 
rupture strength at both 1350 and 
1500 F is exhibited by the 0.15 per 
cent carbon composition. 

This improvement of rupture 
strength with increasing boron may 
result from a precipitation hardening 
reaction. The tendency for precipita- 
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Fig. 3—Effect of boron and carbon on 
the 10¢-hour rupture strength of the 17 
CR—12 Ni—2.5 Mo stainless steel tested 
at 1500 F after solution treatment at 
2100 and 2200 Fahrenheit. 


tion hardening is exhibited when the 
boron content is increased. 


TYPE 302 STAINLESS STEEL MODIFIED 
WITH TITANIUM AND BORON 

On the basis of gains in hot 
strength achieved through additions of 
either titanium or boron to 18 Cr- 8 
Ni austenitic stainless steels, a com- 
bined addition was made and tested 
One hundred-hr rupture stress versus 
per cent titanium curves are plotted 
in Fig. 2 for various boron content 
melts. In general, maximum 100 hr 
rupture stress values occur at progres- 
sively lower titanium contents as boron 
is increased. Examination of these 
curves indicate that high boron, low 
titanium content gives greater gains 
in strength than an alloy containing 
titanium or boron alone. Rupture 
ductilities for this series of alloys are 
good, ranging from 15 to SO per 
cent depending on combined titanium 
and boron content 

Several boron and titanium alloy 
compositions were tested at 1500 F 
after being subjected to heat treatment 
at 2300 Fahrenheit. Although no im- 
provement in rupture strength was 
obtained, ductility values remained 
high 

TYPE 316 STAINLESS STEEL 
MODIFIED WITH BORON 

Molybdenum-bearing Cr-Ni_ stain- 
less steels in sheet form have been 
found to possess significantly higher 
hot strength properties than Type 302 
stainless. Addition of boron to the 
Type 316 base composition results in 
significant improvement of 1500 F 
rupture strength at all three carbon 
levels, Fig. 3. A further gain in high 
temperature strength is obtained by in- 
creasing the treatment temperature 
from 2100 to 2200 Fahrenheit. Sig- 
nificant gains in 1500 F rupture 
strength, representing a 100 per cent 
improvement with respect to the base 
Type 316 stainless steel and involving 
only a minor amount of alloy modi 
fication are indicated. 

The improvement in 100 hr rupture 
ductility, as previously noted for the 
18 Cr- 8 Ni-B series, is found to be 
even more prenounced in the 17 Cr- 
12 Ni- 2.5 Mo-B series. Ductility for 
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lable Ii—Cutting Tests with Ternary Boride Tool Bits 





Feed, | 
Material ipr 


Depth of 
Cut, in 


Aluminum 010 | 0.100 
Brass 010 0.100 


Cast Iron 010 0.100 
010 100 


Steel 010 100 
R, 010 100 
Rx, 010 100 


Speed, Time, Flank Wear, 
sfpm min in. 


None 
None 


0.012 
0.020 
0.002 
0.003 
0.007 





Table 111—Cutting Tests with Titanium Diboride Tool Bits 





| 


Material Hardness ipr Cut, in 


SAE 1020! 142 Bhn | 0.010 | 0.100 
1020 | 142 Bhn 010 | 0.050 
4140 200 Bhn ).0071 0.100 
4140 200 Bhn 010 100 
4340 | R. 49 010 0.050 
4340 | R. 49 010 | 0.050 


130 Bhn | 0.015 | 0.050 
130 Bhn | 0.010 0.050 


B 1112 


130 Bhn | 0.010 | 0.050 | 


Feed, (Depth of Speed, | Time, |—— 


Flank Wear. in 


sfpm min. | Boride Carbide 


600 20 015 
700 14 024 | 0.013 
400 40 021 | 0.032 
400 50 026 | F @ 26 min.* 
250 F @ 10 min.* 
300 014 | F @5 min.* 


0.024 


| 0.008 
| 0.036 | 0.016 
0.040 | 0.028 





Valve seat R, 65 
R. 65 


0.002 | 0.025 | 
0.002 | 0.025 


0.016 | 0.015 
0.023 | 0.032 





*Tool Bit Failed 


specimens heat treated at 2100 F 
reached values of 55 per cent in the 
case of a 0.07 per cent carbon - 0.27 
per cent boron alloy composition. 
This compares with a 100 hr rupture 
ductility value of 5.5 per cent for the 
0.07 per cent carbon base composition 
without boron. A loss in ductility was 
experienced following exposure of the 
boron-containing alloys to a treatment 
temperature of 2200 F, but values 
remained fairly high. 

Occurrence of a low melting point 
eutectic made it undesirable to heat 
treat steels in this series at tempera- 
tures above 2200 Fahrenheit. For high 
boron contents, above 0.50 per cent, 
significant melting could be detected 
at 2200 F. However, the presence of 


this eutectic structure does not de- 
crease rupture strength at 1500 Fahr- 
enheit, but hot rolling characteristics 
deteriorated rapidly with boron ex- 
ceeding 0.40 per cent. Experience 
shows that the lower the carbon con- 
tent, the higher the boron may be be- 
fore hot rolling becomes difficult. 


TYPE 316 STAINLESS STEEL MODIFIED 
WITH) TITANIUM AND BORON 

Behavior of the Type 316 stainless 
steels, containing titanium and boron 
was found to be similar to that experi- 
enced with Type 302 stainless. Rup- 
ture strengths at 1500 F were im- 
proved, Fig. 4, over those obtained 
when using either titanium or boron 
alone. The peak 100 hr rupture 
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strength values occur at progressively 
lower titanium contents as boron in- 
creases. These strength values were 
obtained without loss of ductility. 

Effect of treatment temperature on 
the 1500 F rupture strength of these 
Type 316 steels at three boron levels 
was also checked. A 2300 F treat- 
ment temperature was used for the 
0.15 per cent boron and 2200 F used 
for the 0.30 and 0.50 per cent boron 
compositions. Improvements in rup- 
ture strength were obtained in each 
case, with the maximum increase oc- 
curring at the 0.15 per cent level. A 
100 hr rupture stress value of 20,600 
psi was developed by treating the 
composition at 2300 Fahrenheit. Un- 
fortunately, this high strength was ac- 
companied by the relatively low 100 
hr rupture ductility of 2 per cent 


LOW CARBON STEEL MODIFIED 
WITH BORON 

The addition of boron and titanium 
or boron and columbium to low-car- 
bon steels improves their strength 
radically. Table I contains test results 
for a boron treated 3 Cr- 1 Mo- 0.14 
Ti low-carbon (0.065 C) steel hav- 
ing creep and stress-rupture properties 
superior to stabilized 18-8 stainless 
steel at temperatures up to 1200 F 
for 1000 hours. The boron addition 
was not regulated or limited with high 
accuracy, analysis showing a 0.22 per 
cent boron content after treatment. 

These modified steels may be ce- 
ramic coated providing protection 
against oxidation up to 1400 F. Test 
samples normalized from the higher 
temperatures (2100 F) proved su- 
perior at 1100 to 1400 Fahrenheit. 
Ductility at fracture was also superior 
for modified steels normalized at the 
higher temperatures. 


TERNARY BORIDE TOOL BITS 

Test bits were fabricated from a 
ternary boride compound consisting of 
molybdenum, nickel and boron. These 
boride tools showed greater bending 
strength than the oxides, a heat con- 
ductivity nearer to that of tungsten 
carbide and generally more metallic 
behavior. In addition, tools could be 
very readily brazed to the supporting 
steel shanks but are rather brittle and 
tests were made only with uninter- 
rupted cuts to avoid impact. 

The toois were prepared by powder 
metallurgy. Complicated shapes and 
sharp angles can easily be machined 
if the material is in the half-hard, pre- 
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Fig. 4—Effect of titanium, boron and carbon on the 100-hour rupture strength of 17 
Cr—12 Ni—2.5 Mo stainless steel solution treated at 2100 F and tested at 1500 F. 


sintered state, after which they could 
be finished by final sintering to the de 
sired exact shape. Grinding or re 
grinding of cutting edges can only be 
done with diamond wheels 

Cutting tests were run on steel, cast 
iron, brass and aluminum; comparison 
was made with standard commercial 
carbide tools. Table II. Rigid support 
for the boride tools was found to be 
necessary for good performance. Best 
results were definitely in the range of 
commercially available carbide ma- 
terials, but final evaluation of this 
material can only be made after ex- 
act cutting conditions are established 

Grain size of the material is very 
coarse, but further developments 
should overcome this. Raw material 
is cheaper than tungsten carbide-co 
balt compositions and production 
costs equal those for standard ma- 
terials. Much work is required, how 
ever, before this tool material will be 
commercially acceptable. One advant- 
age of boride tools will be the ease 
with which they can be fixed to steel 
shanks. 


TITANIUM DIBORIDE 

These boride materials are chemi- 
cal compounds made from titanium 
hydride and elemental boron, plus 
alloying elements, added to the mix- 
ture later. The two are mixed, heated 
to 1100 C to start an exothermic re- 
action that forms titanium diboride 
Cooling, crushing, and grinding to 


1957 


l-micron particle size follow, then 
the boride is mixed with alloying ma- 
terials, cleaned and sintered. Melting 
point is around 5000 F, and the ma- 
terial shows best in high-speed ma- 
chining of high-hardness steels, Table 
Ill, and in wire-drawing dies (much 
coefficient of friction than 
tungsten carbide). Basic raw mate- 
rials are cheaper than those for 
tungsten carbide, and not as critical, 
but handling and forming are cost- 
lier. Tools are pressed in carbon molds 
and retrieved by splitting away the 
mold. These cutting bits cannot be used 
for rough castings, interrupted cuts, 
rock drilling, or machining titanium 
(a chemical reaction occurs) 


lower 


REFERENCES: 
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Fig. 2—Tensile strength vs temperature for both 
air and vacuum melted M252 alloy. 


Fig. 1—Rupture strength vs temperature for 
both air and vacuum melted M252 alloy. 
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Vacuum 
metallurgy 


The reduction of contaminants plus the 
application of laboratory limits of composition 
result in improved characteristics 

of present metals and makes possible the 


production of new alloys. 


Two major areas are opened by vacuum melting. First, the 
development of new alloys, designed for specific applica- 
tion, incorporating physical and chemical properties previ- 
ously unobtainable. Second, improvement of the properties 
of existing metals and alloys. These improvements and 
developments are practical because of the numerous opera- 
tional advantages that vacuum melting and casting provide. 

Reactive compounds may be added without losing sub- 
stantial amounts by reaction with oxygen in the melt. A high 
state of purification can be achieved by removal of nitrogen 
and hydrogen prior to tapping. Contamination and losses 
through atmospheric reaction during final soak, teeming 
and pouring can be eliminated. 

Ingots produced under vacuum, therefore, possess five 
advantages: (1) exceptional soundness resulting from lack 
of gas evolution; (2) extreme cleanliness due to elimination 
of inclusions; (3) greatly decreased amounts of gas in 
solution; (4) improved alloying by elimination of gas-metal 
compounds; and (5) precise alloy content control by elimi- 
nation of losses to oxides and nitrides during melting. The 
overall effect is to produce a material having improved 
physical and mechanical properties. 

Common alloys such as 52100 steel have greatly im- 
proved fatigue strength when vacuum melted. The primary 
refining action in a steel such as 52100 is deoxidation of 
the charge; results may be measured in cleanliness of the 
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50 Fig. 3—Fatigue strength improvement of M252 
melted in vacuum as compared to air melted. 
1500 F and 108 cycies . 
Fig. 4—Tensile ductility improvement of vacuum 
melted basic M252 and modified M252 compared to 
air melts of the same alloy. Modified M252 is a result 
of closer control of the metal chemical composition. 
25 
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Air meit Vacuum melt Modified M252 
— oe composition 
Air Vacuum possible by 
melt melt vocuum melt 
hot rolled billet. The low ductility commonly experienced Table I-—Composition of M252 
in air melted 4340 steel is eliminated by vacuum melting 
even after a hot reduction of 8 to 1. These improvements Composition Limits Typical Analysis 
‘ 2 : M252 Vacuum Melted M252 
make possible the production of parts, such as bearings and . . . 
springs, with greatly superior characteristics. Carbon 0.12--0.17 0.15 
A nickel base alloy, strengthened with titanium and alu- Cheaminm 18 0-20 0 19 00 
minum, M252 is an excellent example of the gains possible 
. , : : -kel alance 55 
with vacuum melting and pouring. As an air melted alloy Nickel Balan 9.09 
M252 had been used for several years. By vacuum melting Cobalt 9 011.0 10.00 
its composition, Table I, may be precisely controlled and " 
, . . > Molybdenum 9 0—11.0 10.090 
its properties improved considerably. aaa irs 
The initially higher cost of vacuum melting is partially Tungsten 
offset by the ability of the vacuum furnace to re-use all rg z 
aia : : Iron 5 0 max 2.00 
scrap generated in processing, while a maximum of 30 per _— 
cent scrap may be used in air melting. The amount of scrap Titanium 2.25-—-2.75 2.50 
generated in the foundry is greatly reduced by vacuum Staines 0 75—1.25 1 00 


melting. For each 1000 Ib ingot of M252 poured only 550 
Ibs can be forged from an air melt while 700 Ibs can be 
forged from a vacuum melted ingot. Improvement of rup- 
ture and tensile strength of vacuum melted M252 is shown 
in Figs. 1 and 2 and an improvement, Fig. 3, of approxi- 
mately 5000 psi is noted in fatigue strength. Vacuum melts 
of M252 reflect a 5 per cent increase in elongation, Fig. 4, 
over air melts of the same alloy. A modification of M252, 
reflects a 15 per cent increase in ductility over air melts 
and a 10 per cent increase over basic vacuum melts. 
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Table I—Cost Breakdown for Steel and Brass Parts 





Part A Part B 
Brass Steel Brass Steel 
(1) Gross wt/pe (Ib) 0.0114 0.0105 | 0.025 0.023 
(2) Cost/Ib ($) 0. 3844 0.1187 0.3642 0.1025 
(3) Material cost/pc 0.00438 0.00125 0.00911 0.00235 
( (1) x (2) ) 
(4) Weight scrap/pc (Ib) 0.0040 0.0037 0.012 0.011 
(5) Scrap value/Ib ($) 0.1800 0.0062 0.1800 0.0062 
(6) Scrap credit/pe ($) 0.00072 0.00002 0.00216 0.00007 
(multiply (4) by (5) ) _ 
(7) Net metal cost/pce ($) 0 00366 0 00123 0.00695 0.00228 
(subtract (6) from (3) ) 
(7a) Net cost per 1000 ($3.66) ($1.23) ($6.95) ($2.28) 
(8) Labor and overhead /hr ($) 6.50 6.50 6.50 6.50 
(9) Pieces machined /hr 2800 700 2400 940 
(10) Labor and overhead/pc ($) 0.00232 0.00928 0.00271 0.00692 
(8) divided by (9) - 
(11) Net cost ‘pe ($) 0.00598 0.01051 0 00966 0.00920 
(add (7) and (10) ) e 
(12) Net cost per thousand $5 98 $10 51 $9 66 $9.20 





From: American Machinist 


Cost Factors 


of Machined 
Parts 


L. E. GIBBS and L. G. SIMON 


technical advisory service 


Revere Copper and Brass Co.., Inc., 
Rome, N. Y 


Tue selection of the least expensive 
stock for a machined part does not 
always result in the least expensive fin- 
ished item. Factors in addition to the 
basic material include the labor-plus- 
overhead per machine, machinability 
and the scrap value of the material 
Comparing costs of parts made from 
both free cutting brass rod and steel, 
Table I, gives a complete cost break- 
down for machining two 
parts in both brass and steel 

Figures for part A show the net cost 
to be lower when using free cutting 
brass rod even though material cost is 
higher. The basic reason for the lower 
net cost using brass is the superior 
machinability, resulting in higher out- 
put per hour, and the high resale value 
of the brass scrap recovered. 

Figures for part B show net costs of 
brass and steel to be close, with steel 
having a slight advantage. When the 


B20 


different 


cost difference is so slight additional 
factors such as tool life, corrosion re- 
sistance, appearance and finish must 
be considered before a final material 
selection is made 

Additional information may be ob- 
tained by using the data in Table I to 
prepare charts of the brass-steel cost 
comparison, Figs. | and 2. Lines AB 
and CD connect the net metal cost per 
1000 pieces (Item 7a), Table I, to the 
intersection of overhead cost (Item 8) 
and total net cost (Item 12) for each 
metal. A vertical line XY connects the 
intersection of the brass steel lines to 
the base, labor plus overhead. 

Examination of Figs. 1 and 2 reveal 
the relationship of the variables affect- 
ing total net cost. Comparing steel to 
brass for part A, Fig. 1, shows that 
steel can compete with brass only by 
increasing the machining rate or de- 
creasing the labor-plus-overhead cost 
It is obvious that either the required 
reduction of labor-plus-overhead to 
$2.20 per hour or a fourfold increase 
in machining rate of steel is impracti- 
cal. In the case of Part A therefore, 
brass is the obvious choice 

Comparing steel to brass for part B, 
Fig. 2, shows that it would be neces- 
sary to increase the machining rate of 
brass to equalize total net cost. In- 
creasing the machining rate of brass to 
2820 pieces per hr would reduce labor 
and overhead per piece to $0.00231 
and result in a new net of $9.126 per 
thousand. Modification of the original 
part may permit an increase in the 
machining rate so that brass may be 
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Fig. 1—Relationship of overhead and 
machining rates on the net cost of part 
A. A vertical dropped from the intersec- 
tion at X gives the overhead figure ($2.20 
per hour) at which the net cost of brass 
and steel parts are equal. 
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used without increasing cost. When the 
net cost of parts made from various 
materials is this close, factors other 
than cost will determine final selection. 


REFERENCE: 

“How to Make Money by Metal Selec- 
tion” by L. E. Gibbs and L. G. Simon, 
American Machinist, October 8, 1956, 
pg 138-139. 
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Relative cost and machinability 
of carbon steels and alloy steels 


DOMINIC MASCIO, engineering department supervisor, R. Hoe & Company, Inc. 


Fou LOWING table is used as a guide at 
R. Hoe & Company (manufacturers of 
printing machinery) in the selection of 
steels for new designs or re-evaluation 
of old designs and to limit the number 
of types of steel that have to be stocked 
in quantity. Most design and applica- 
tion requirements can be covered by 
the carbon steels 

lt is recommended that AISI-B1112 
cold rolled steel be used for machine 
parts whenever its properties will sat- 
isfy design requirements; its properties 
generally are good enough for the ma- 
jority of small and medium size parts. 
This steel has better machining char- 
acteristics than any of the other steels 
in the tables here presented, 
considerable machining time 
and tool life can be saved by specify- 
ing this steel wherever possible. 


listed 
hence 


In addition to information on 
strength, ductility, characteristics and 
suggested applications, the table in- 
cludes relative cost and machinability 
of each steel based on free cutting steel 
(AISI-B1112) equal to 100 per cent. 
Although the relative cost varies with 
changes in shape, size, quantity, mar- 
ket prices, etc., it is a good base for a 
cost estimate when switching from 
one material to another. 

For example, in switching from 
AISI-C1040 (machinability = 63 per 
cent, cost index = 81) to AISI 4140 
(machinability == 57 per cent, cost in- 
dex 135), estimated increase in ma- 
chining cost is 63/57 1.10 or 10 
per cent, and in material cost 135/81 

1.67 or 67 per cent. 

In selecting between hot and cold 

rolled steel, it should be kept in mind 


Bi9 


METALS AND ALLOYS (B) 
a 


that hot rolled has a rough surface and 
to allow extra material for finishing 
On diameters up to 2 in. allow 1/10 
of diameter extra for finishing, and on 
diameters over 2 in. allow 1/8 of di- 
ameter extra to remove the outer sur- 
face which usually includes scale pro- 
duced in the hot rolling operations. 

Cold rolled is smooth with close 
tolerance but distorts when machined 
unsymmetrically, as when cutting key- 
ways. This is especially true in long 
sections. A straightening operation is 
then necessary. In such instances it is 
better to use hot rolled. 

When parts are to be heat-treated, it 
is preferable to use hot rolled because 
the smooth finish of cold rolled steel 
would be destroyed by the accumula- 
tion of scale formed during the heat- 
treating operations. 

In general, an alloy steel should be 
selected only when one or several of 
the following properties are required: 
Better response to heat-treatment as 
indicated by greater hardness, deeper 
penetration of hardness, and less dis- 
tortion from heat treatment; greater 
strength, impact, fatigue, wear, shock 
resistance, and ductility 





CARBON STEELS 





Tensile Strength, 


Material Designation Yield Strength, 


Elongation 
AISI-C1020 69 ,000 psi 
Cold rolled steel 48 ,000 psi 


30 per cent 


SAE-X1020 69,000 psi 
Hot rolled steel. 47,000 psi 
(AISI-C1022) 30 per cent 
AISI-C1040 93 ,000 psi 
Hot rolled stee! 58 ,000 psi 


27 per cent 


Machinability, 
Cost Index 


Characteristics 


Applications 


based on B1112 


Good case hardening characteristics 
carburize). Not recommended for 94 
through-hardening. Machinability 

fair. Can be welded, brazed, easily 

bent and formed in the proper an 
nealable condition. (Hard, '» hard, 

14 hard, and dead soft.) 


Properties approximately the same 
as AISI-C1020 cold rolled steel. | 73 
Less machinable but more econom- | 

ical for welding since rough surface 

is satisfactory. Suitable for hammer | 
forging 


Tough and ductile; wear and shock 
resistant. Good hardenability (rela- | 81 
tively high distortion). Small and 
intricate sections must be heat- 
treated with care. Avoid thin sec- | 
tions in design. Machines to 
smoother finish than SAE-X1020. | 
Can be surface hardened (flame or 
induction). | 


60 per cent 


50 per cent 


63 per cent 


Parts requiring (1) very little or 
| no machining; (2) low cost; (3) 
case hardening. Studs, pins, col 


1 


lars, spacers, mechanically oper 


ated levers, tie bars, braces, slides, 
fan blades 


Parts requiring (1) little machin- 
ing; (2) low cost; (3) case harden 
ing; (4) welding. Brackets, levers, 
tie bars, welded assemblies 


Parts requiring high strength and 
unsymmetrical machining. Shaft- 
ing, chain sprockets, large gears, 
forgings such as crankshaft sand 
connecting rods, braces, brackets, 
ink pump shafts, studs. 
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Relative cost and machinability of carbon steels and alloy steels (continued) 





CARBON STEELS (continued) 





Materia! Designation 


AISI-C1040 
Hot rolled steel. Turned 
and ground 


Boiler-Plate (C 40 — 50, 
Mn 60-90). 


AISI-C1095 
Hot 
referred to as 


rod.” 


(Also 
“drill 


rolled steel. 


1.18 C-Drill rod. 


Tensile Strength, 
Yield Strength, 
Elongation 


100 ,000 psi 
64,000 psi 
22 per cent 


106 ,000 psi 
60,000 psi 
23 per cent 


106 ,000 psi 
60,000 psi 
23 per cent 


Characteristics 


Round stock used primarily for long 
shafting which requires’ greater 
strength than AISI-C1020 or un 
symmetrical machining, 
keyways. Mechanical properties 
same as AISI-C1040 HRS but twice 
as expensive 


such as 


This is a low cost, low strength 
steel 


Can be spring tempered and fully 
hardened. Avoid stress concentra 
tions. Do not weld or electroplate 
without precautions to prevent em 
brittlement. Spring tempered sheets 
punched and blanked. If 
shape of spring complicated, form 
condition and then 
heat-treat. Good finish. Can be 


hardened to a Rockwell C-—57 


readily 


in annealed 


Water hardening polished steel. Pol- 
ish after heat-treat. 
necessary. Can 
Rockwell C-61. 


No grinding 
be hardened to 


Machinability, 
Cost Index 
based on B1112) 


63 per cent 
166 


42 per cent 


42 per cent 


Applications 


Shafting turned and ground. (Most 
commonly used steel for this pur 
pose). 


(1) Flame cut parts. (2) Weld 


ments. 


(1) For inexpensive spring steel; 
(2) for use in thin sections only 
(poor heat-treat penetration). Pins, 
retainers, flat springs, 
clips, washers, balls, hot 
formed springs, dowels, and tools 


and coil 


steel 


Can be used for dowels as received 
Also for bearing pins when running 
in direct contact with rollers 





CARBON STEELS—FREE MACHINING 





AISI-B1112 
Cold rolled steel. 


AISI-C1117 


Cold rolled steel. 


AISI-C1l141 
Hot rolled steel. 





82,000 psi 
63,000 psi 
18 per cent 


82,000 psi 
74,000 psi 
21 per cent 


97 ,000 psi 
59,000 psi 
25 per cent 


| more uniform 


| rasive wear. 


Case hardening 
wear 


Free cutting steel 
recommended for resistance 
only. Unsuitable for parts subject 
to shock, vibration, or fatigue, or 
for forming, bending, upsetting, or 
carburizing. Inherently brittle. For 


superior properties use C1117 


Free cutting steel 
hard 
strong, tough core. Carburizes with 


Develops uni- 


form, case (carburize) and 


| out embrittlement. 


General properties similar to C1040 
but slightly more machinable and 
response to heat- 


| treatment. Greater resistance to ab- 


Good strength and 


100 per cent 
100 


90 per cent 


100 


67 per cent 
| 103 


toughness. AISI-C1141 cold rolled | 


(74 per cent 


| steel comparatively free machining | 


| (1) Screw machine products; (2) 


Parts on which ease of machining 
and finish are prime considera 
tions. Worms, collets, screws, tie 
bars, shafts (stationary, pivoting, 
adjusting). 


Free machining parts requiring 
than B1112 
Medium duty shafts, studs, pins, 
screws, worms. 


greater toughness 


Parts having good strength and 
toughness coupled with good ma- 
chinability. Angle bars, 
arbors, brackets, 
and bevel 


worms. 


braces, 
shafts, 
studs, 


screws, 


spur gears, 





ALLOY STEELS 





AISI-—2340 
Hot rolled steel. (Nickel 
steel.) 


110,000 psi 
80,000 psi 
22 per cent 


For structural purposes where great 
strength and toughness 
quired. Reasonably 
sistant. Quench in oil, 
Little heat-treat 
deep hardening. Do not carburize 
or weld. 


are re- 
corrosive re 

not water. 
distortion with 


(1) Small parts subjected to tor 
sion and fatigue; (2) large heavy- 


| duty parts where only simple heat- 


treat is practical; (3) 
stressed parts. 
axles, gears. 


highly 
Propeller shafts, 
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ALLOY STEELS (continued) 





Material Designation 


AISI-3140 
Hot rolled steel 
(Nickel-chrome 


AISI-4140 
Hot rolled steel. 
(Chrome-moly). 


AISI-4150 
Hot rolled steel 


AISI-4340 
Hot rolled steel 
(Nickel-chrome-moly ) 


AISI-4615 
Hot rolled steel 
(Nickel-moly) 


AISI-6150 
Hot rolled steel. 
(Chrome-vanadium) 


AISI-52100 
Hot rolled steel. 
(Chrome-high carbon) 


Tensile Strength, 


Yield Strength, 
Elongation 


96 ,000 psi 


64.000 psi 
26 per cent 


90 ,000 psi 
63,000 psi 


27 per cent 


105 ,000 psi 
71,000 psi 
21 per cent 


115,000 psi 
95 ,000 psi 
18 per cent 


82 ,000 psi 
55 ,000 psi 
30 per cent 


103 ,000 psi 
70,000 psi 
27 per cent 


109 ,000 psi 
80 ,000 psi 


25 per cent 


Characteristics 


Heat-treats exceptionally well. High 
impact and fatigue resistance. Suit 
able Readily 
forged. High creep resistance up to 
1000 F. Relatively low cost. Not 
recommended for severe metal-to 


under vibration 


wear. Machines well when 
heat-treated up to 150,000 psi. Max 
hardness, Rockwell C-55 


metal 


High strength, wear and fatigue re 

sistance. Suitable for large sections 
because it can be deep-hardened and 
for parts of varying thickness. Good 
response to simple normalizing treat 

ment or flame hardening. High im 

pact strength at high hardness, if 
fully heat-treated. Difficult to forge 
and roll. Weldable. Max. hardness, 
Rockwell C-57 


Properties same as AISI-4140, but 
with higher hardness penetration 
Max. hardness, Rockwell C-56 


Very high 
strength for medium carbon range 
Develops best 
ductility and strength in heavy sec 


hardenability and 


combination of 
tions. High fatigue and torque prop 


before 
Water or oil hardening often used in 


erties. Anneal machining 
very heavy sections. Max. hardness 


Rockwell C-55 


Best of Out 
standing for uniformity of case and 
Rel: 


tive freedom from distortion during 


carburizing steels 


response to heat-treatment 
quenching and excellent toughness 
at high hardness. High fatigue re« 
sistance. Usually oil quenched, but 
for extreme hardness, use water 
For better machinability, use an 


nealed or normalized 


High 
shock and wear resistance, and ex 
cellent ductility. Very little heat 
treat distortion. Fine grain struc 


strength, fatigue resistance, 


ture. Poor machinability unless an 
nealed before machining. Do not 
weld. Max Rockwell 
C-58 


hardness, 


Max 


and 


Deep hardening alloy steel 


imum heat-treat penetration 
develops a high degree of hardness 
High wear resistance. Can be oil 
quenched and tempered to Rock 
well C-63. Water quench for ex 


treme hardness. 


Machinability, 
Cost Index 
based on B1112 


55 per cent 


57 per cent 


135 


57 per cent 
139 (unleaded 
147 “eaded 


45 per cent 
158 


98 per cent 
117 


50 per cent 
132 


Applications 


Forgings, crankshafts, oil well tool 
high 
hittings, 


joints, steering knuckles, 


temperature valves and 
engine bolts, valves 


AISI-3150 used for small gears 


cylinders, rollers, 
clutch 


spindles, 


Cams, gears, 


pins, plates, tools, axels, 
shafts, 
shafts, spline drives, heavy-duty 


tubing. Comparatively low priced 


bolts, crank 


hardenability 


relatively low cost 


Better qualities at 


Gears, axles, 


shafts, roller bearings, studs 


Spiral bevel gears, crank shafts, 
large forgings (substitute for AISI 
3140) large diameter heat-treated 
shafts 


(1) Carburized 


matic screw machine parts 


parts; (2) auto 


Gears, cams, shafts, spindles, bush 


ings, rollers 


(1) Parts with varying thickness; 
high 
temperatures, high stress and im 
Parts high 
strength, impact and hardness, but 


(2) springs subjected to 


pact. (3) requiring 


less tough and ductile 


Hard, wear resistant pins. Linkage 
pins. Inner races, balls, rollers of 


ball and roller bearings 
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From: ASTM paper 


Static properties 
of high strength steel 


E. P. KLIER, Prof. of Metallurgical Engineering 
B. B. MUVDI, Research Associate 
GC. SACHS, Associate Director of Research 


Syracuse University Research Institute. 


Tue need for light weight component construction, par- 
ticularly in the aircraft industry, has led to the use of low 
alloy steels heat-treated to strengths in the range above 
200,000 psi. These steels, however, tend to be notch sensi- 
tive, and this factor must be considered in selection and 
application for any particular installation or assembly. 

Notch properties of high-strength steels depend on: (1) 
strength level; (2) orientation; (3) composition; (4) eccen- 
tricity of the load; (5) as-processed section size; and (6) 
stress concentration. Also important are the test specimen 
size and the variability of properties caused by composition 
changes within a given type of steel. 

Preliminary results of an investigation of the influence 
of the above factors on 10 steels are shown. Table I shows 
the chemical compositions and bar sizes of the tested steels. 


EXPERIMENTAL RESULTS. 4340 STEEL 
Hardenability Tests. 4340 steel is required to fall within 
the limits of the AISI hardenability band. As the band is 
relatively wide, property changes may occur within the 
hardenability spread. To determine this relationship, five 
heats of 4340 steel were tested. 

Tension Properties Variations. Tension test data are 
shown in Fig. 1. Specimens for the longitudinal direction 
were obtained from the five heats. In addition, the as- 
processed section size was varied from % to 4% in. diam- 
eter. Despite the differences no marked variations in the 
physical and mechanical properties were observed. 


Transverse tests are also shown in Fig. 1. The strength 
properties compare favorably with those measured in the 
longitudinal direction. Ductility, however, as indicated by 
elongation and reduction in area, was reduced. In general, 
the reduction of area decreased as the as-processed section 
size was reduced from 4% to 1% in. diameters. 

Notch-Strength Variations. Notch strength is modified by 
the stress concentration, specimen orientation and speci- 
men size. Fig. 2 shows the influence of these factors as the 
tensile strength was varied. In general, as the tensile 
strength increased above 200,000 psi the sensitivity to 
notching was enhanced. As the stress concentration in- 
creased, notch sensitivity increased. 

Changing the specimen orientation from parallel to 
transverse to the rolling direction lowered the notch 
strength. Increasing the diameter of the test section while 
adjusting the specimen geometry to retain the theoretical 
stress concentration constant enhanced the notch sensitivity 

Notch strength of 4340 steel from five heats is shown in 
Fig. 3, as a function of strength level, stress concentration 
and specimen orientation. Values for the longitudinal 
specimens scattered about a well defined mean value 
for the different heats. Only minor variations in the data 
can be observed for the different stress factors. 

Transverse specimens are also shown in Fig. 3. Scatter is 
again well defined about a mean value as long as the 
as-processed section sizes of the compared heats are about 
the same. An increase in the section size, however, reduces 
the transverse notch strength. This effect increases with a 
stress concentration increase from K==3 to K=10. 

Notch Strength and Eccentric Loads. To simulate the 
complex state of stress and strain that a steel part is sub- 
jected to in actual service, the eccentric-notch test is used 


Table I—Chemical Composition and Bar Size of Steels 





Shape and 


Alloy Size, in 


4340, heat No. 414 round 
1% round 
4 round 
3% round 
3% round 
4 square 
4% round 
3 round 
3 round 
3 round 
41% square 


4340, heat No. 2 

4340, heat No. 3 

4340, heat No. 4 
Vanadium modified 4340 | 
98B40 

Hy-Tuf 

Crucible UHS-280 

Super TM-2 

Tricent 


eooocoocooocc oO 
oorwrocoococo 





eoooocoococc °& 


Alloying Elements, per cent 


Ss Si Ni 


0.016 0.3 1.83 


cooocoococc co 
~-~orr Ooo co O&O 
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Here, eccentricity was approximately 0.106 in., this value 
being selected so that the line of the load application 
passed close to the root of the notch. 

The results of this test on four heats of 4340 are shown 
in Fig. 4. A comparison with a concentric-notch test indi- 
cates a reduction in notch-strength caused by eccentricity 
of 55-65 per cent. The change in notch-strength caused by 
eccentricity appears more important than the reduction 
resulting from a change in stress concentration. 


ADDITIONAL HIGH STRENGTH STEELS 
Hardenability Data. The several steels which have been 
proposed for applications in the 200,000 psi range invari- 
ably possess deep hardenability. 

Tensile and Yield Strengths. The tensile and yield 
strengths vs. tempering temperature for several steels are 
shown in Fig. 5 for the longitudinal direction; Fig. 6 for 
the transverse direction. 

As indicated, tensile strengths ranging from 200,000 to 
300,000 psi may readily be obtained. Strength range for 
vanadium modified 4330, 98B40, and super TM-2 is prob- 
ably dependent on the tempering temperature, hence can 
be tempered to different strengths; for the others, strength 
is dependent on the secondary hardening effect and should 
be used within a specified range. 

Yield strengths tend to parallel the tensile strengths as 
the tempering temperature is varied, except at the lowest 
temperature. In general, a reduction in tempering tem- 


Fig. 2—Notch strength for 0.3 and 0.5 in. dia longitudinal and 
transverse specimens from 4340 steel. Heat No. 1, 4% in. dia. 
Theoretical stress concentration factors of 3, 5, 10 are used. 
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Fig. 1—Effect of tempering temperature on the strength and 
ductility of 4340 steel for five heats and various diameters. 


Fig. 3—Notch strength of five heats of 4340 steel as a function 
of tensile strength for 0.3 in. dia specimen cross section. 
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Fig. 4—Concentric and eccentric notch strength for four heats 
of 4340 steel as a function of tempering temperature for 0.3 
in. dia longitudinal specimen. Stress concentration factors of 
3, 5, 10 are used. Eccentricity is approximately 0.106 in. 


perature to the lowest value resulted in a lower yield 
strength value but increased tensile strength values. 

For none of the steels is there a significant relationship 
between orientation of the specimen and the strength. But 
the transverse ductility, as measured by reduction of area, 
is relatively reduced. 

Notch Strengths. To determine the tempering tempera- 
ture which provide optimum notch strength for the steels, 
the notch strength is determined as a function of the 
tempering temperature over the range of 250 to 800 F. 
Figs. 7 to 10 show notch strength data in the longitudinal 
and transverse directions. 

These steels follow the trends established for 4340 steel. 
Notch strength depends upon the tempering temperature 
(strength level), stress concentration, specimen size and 
orientation. In general, notch strength reaches a maximum 
and decreases with an increase in temperature. Notch 
strength is reduced as stress concentration and specimen 
size increases, Magnitude of these effects varied with com- 
position and is more pronounced in the transverse direction. 


SUMMARY 


rhe results indicate the following conclusions: 

1) Various heats of 4340 steel show comparable tensile and 
notch-tensile properties. Differences in the transverse direction bear 
no correlation to differences in the hardenability of the various heats. 

2) Various sizes of 4340 steel appear to possess identical tensile 
and notch-tensile properties in the longitudinal direction. Transverse 
notch-strength and ductility of the small sections are appreciable 
lower than the respective values for larger sizes. 

3) An increase in the as-tested section size resulted in an ap- 
preciable decrease in the notch strength. This effect varied with 
composition. 

4) Notch strength decreased with increased stress concentration. 
Magnitude is dependent on tempering temperature, loading direc- 
tion and specimen size. 

5) Eccentric loading decreased the notch strength of 4340 steel 
0.106 in. eccentricity decreased strength by 60 + 5%. 

6) Hydrogen contents higher than those present in the steels 
tested are necessary to develop a tendency to sustained-load failures. 
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Fig. 5—Strength and ductility in the longitudinal direction of 
several steels as a function of tempering temperature. 
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Fig. 6—Strength and ductility in the transverse direction of 
several steels as a function of tempering temperature. 


REFERENCE: 

The Static Properties of Several High-Strength Steels by 
E. P. Klier, Professor of Metallurgical Engineering, B. B. 
Muvdi, Research Associate, and G. Sachs, Associate Director 
of Research, Syracuse University Research Institute. Presented 
at the 60 Annual Meeting of the ASTM, June 16-21, 1957 
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Fig. 7—Notch strength of vanadium modified 4330 steel as a 
function of tempering temperature in two grain directions. 
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DESIGN With the strength and economy of stee/— 


Weirzin ELECTROLYTIC 


ZINC-COATED STEEL SHEET... 


FOR UNPAINTED PARTS 


Weirzin’s uniform zinc coating is so tightly bonded to 
its steel base that even in difficult deep drawing and 
forming operations there is no danger of flaking or 
peeling. This makes Weirzin invaluable for parts and 
assemblies which often must be stored for indefinite 
periods before delivery. The full zinc coating on parts 
formed from Weirzin prevents rusting in storage, elimi- 
nating painting or plating operations that might other- 
wise be necessary. Weirzin is used extensively to form 
unpainted parts such as automotive molding, acoustical 
ceiling channels, and sliding door tracks. 


FOR PAINTED PARTS 


When chemically treated, Weirzin is unexcelled for 
painted products, offering long-lasting adhesion for 
enamel, paint, lacquer and lithographic inks. It success- 
fully resists the most adverse heat and moisture con- 
ditions, to give complete protection against underfilm 
corrosion. Representative applications of chemically 
treated Weirzin include acoustical ceiling panels, base- 
board heating panels, lavatory partitions and doors, 
and sectional garage doors. 


FOR LOW-BUDGET PAINTED PARTS 


Weirzin Paint-Rite is a special purpose sel for painted 
products requiring only a flash coating of zinc. This 
economical product is chemically treated after coating 
to provide a tight bond between paint and metal. It is 
ideal for items that will be completely painted, enameled 
or lacquered. Typical end uses of Weirzin Paint-Rite 
are: bread boxes, canister sets, waste baskets, garbage 
receptacles, trays, furniture, signs and appliances. 


For further information write: 


WEIRTON STEEL COMPANY 


WEIRTON, WEST VIRGINIA 
a division of 


| NATIONAL STEEL (ale CORPORATION 








DESIGNED TO MEET YOUR SPECIFIC NEEDS 


This electrolytic zinc-coated steel sheet is produced by the most modern and advanced 
electroplating methods. As a result, you find in Weirzin remarkably uniform coating offer- 
ing tangible advantages in fabrication to assure an end product of long life and utility. 
Whatever the use—inside or out, painted or not—there is a Weirzin sheet exactly suited 
to your application. 








When Thickness is: 





Width can be: 


Coils weighing up to 550 lbs. per inch of width can be supplied without welds. 
Standard coil inside diameter is 164". All sizes can be supplied chemically treated. 
Weirzin is manufactured to conform with the tolerances for weight and dimensions 
as published in the AISI Steel Products Manual for carbon steel cold rolled sheets. 














pesicn With the strength and economy of stee/— 


Weirkote ZINC-COATED STEEL SHEET .. 


Can be worked to the very limits of its steel base! 


Weirkote® is a tightly bonded zinc-coated steel 
produced by the most modern continuous process. 
Weirton Steel Company, a division of National 
Steel Corporation, combines its years of experience 
and technical leadership to turn out this superior 








DEEP DRAWING ~The tight zin 
serebeltbec(uabiccme(oclemetech. semis) acre lta c 
what can be done with Weirkote 


coating flowed easily with thé base metal without flaking 


ROLL FORMING 


and the metal bent in all directions 


Weirkote can be roll 





| formed into any shape 


product. It can be drawn, severely formed, crimped, 
rolled or seamed without harming the protective 
zinc coating. To users of steel, this means a product 
offering the permanent protection of zinc coating 
through any fabricating operation. 


é* > 


# > 


coating makes it possible to wd 
from Weirkote sheets. This piece shows 

Despite the deepness of the draw, the 

or peeling 


- 





Regardless of the severity or number of operations, from sheet or coil to 
finished piece, the durable zinc coating of Weirkote holds tight 
y 
“ie. 
— > 
LOCK SEAMING Weirkote can take the tightest lock seam a 
without a break in the zinc coating. This process was once a serious problem 
for fabricators of galvanized products because old-style galvanized sheet : ‘ — 
=e ; . = ———¥ 
peeled and. flaked. The problem has ceased to exist for users of Weirkote jie 
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Eliminate need for further surface protection after fabrication. 
You can reduce costs, save time and cut extra labor and equipment because 
no dipping or plating is needed to augment Weirkote’s lasting protection. 


Before Weirkote was specified, each of 
these pieces had to be plated after form- 
ing to protect them from rust. Besides 
being costly, it is impossible by plating 
to obtain complete protective coverage 
without excessive build-up of plating on 
the more exposed and shallow areas of 
hese and similar parts. 


Now, the ductile protective zinc coating 
of Weirkote passes through all the form- 
ing operations— blank, pierce, deep draw 
and upset—without flaking or peeling, to 
give positive and uniform protection over 
the entire surface of each part. 


The inventory problem of both steel 
sheets and fabricated parts has been 
greatly simplified, too. These items, when 
withdrawn from storage, normally re- 
quired cleaning or other surface prepara- 
tion. Now, with Weirkote, storage is less 
costly, production cleaning is reduced to 
a minimum, and plating after fabrication 
has been dropped from the manufacturing 
schedule. Check the facts. See how 
Weirkote can reduce your manufacturing 
costs, improve your product. 


SPECIFICATIONS — Weirkote is 
available in coils and cut lengths from 
10 to 30 gauge and in widths from }” to 
48”, subject to mill limitations. For 
applications where greater tensile strength 
is required, Weirkote can be supplied with 
an N-A-X HIGH-TENSILE steel base. 


For further information write 


WEIRTON STEEL COMPANY 


WEIRTON, WEST VIRGINIA 


@ division of 


NATIONAL STEEL 7 CORPORATION 
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HEAT ¢ WEAR e CORROSION 


HAYNES Alloys solve the 


2,000 degree jet blast! 





The jet engine tailpipe of the Navy’s 
A4D “Skyhawk” operates at ex- 
tremely high temperatures. That is 
just one of the many reasons why 
this part is made of MULTIMET 
alloy. This is one of 6 HAYNES 
wrought alloys that have unusual re- 
sistance to high temperatures and 
oxidation. Because of their excep- 
tional properties, HAYNES alloys are 
being used extensively in such parts 
as after-burner components, jet en- 
gine tailpipes, turbine blades, and 
nozzle vanes. 
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I; you have an application that is 
creating a tough heat, wear, or cor- 
rosion-resistance problem, you will 
find it profitable to check with 
HAYNES Stellite Company. In prac- 
tically every industry, you will find 
HAYNES Alloys doing a better job, 
lasting longer, reducing mainte- 
nance and proving most economical. 

Tell us your problem and we will 
send you descriptive literature on 
the HAYNES Alloy best suited to 
solve it. Write HAYNES STELLITE 
CoMPANY, Division of Union Car- 
bide Corporation, General Offices 
and Works, Kokomo, Indiana. 


“Haynes,” “Multimet,” 
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“Hastelloy” and “Union Carbide” 
are registered trade-marks of Union Carbide Corporation. 





Intricate turbine 
wheels mass-produced. 


HAYNES’ investment-casting method offers a selection of 
alloys developed for economical operation over a wide tem- 
perature range. Blades and wheels are produced as one in- 
tegral part to as-cast tolerances that permit operation 
with unusually fine clearances at high speeds. 
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CORROSION Withstands corrosive 


chlorine 10 years! 

Handling highly corrosive liquid chlorine was an expensive 
maintenance problem—until valves made of HASTELLOY 
alloy C were installed. This is just one of the many corro- 
sive difficulties met by HAYNES Alloys. They also have ex- 
cellent resistance to hot mineral acids, strongly oxidizing 
salts, and powerful gaseous oxidants over a wide range of 
temperatures and concentrations. 


HAYNES 


aLLOoOYyY Ss 


HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation 
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Here N-A-X FINEGRAIN steel proves its versatility, forming readily under the deep-drawing 
operation that pressure cylinder manufacturing requires. For 20-lb. cylinders, .086" N-A-x 


” 


FINEGRAIN blanks, 2114" in diameter, become 12” in diameter and 714" in depth after the 
drawing operation. Steel Cooperage Division produces cylinders up to 425- pou nd capacity. 


Submerged are welding operation joins Here cylinder pressure capacities are Finished product on the job. This cylin- 


he 


two cylinder sections together. N-A-X tested hydrostatically at 480 lbs. psi, der, meeting all specifications of I.C.C. 


FINEGRAIN again demonstrates its weld- after the fittings have been added. Final code, Section 4BA, contains liquefied 


+} 


” 


ity under any process. burst pressure—1650 lbs. psi. petroleum for materials handling truck. 
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_ For whatever you make... 









A significant example of the strength, formability 
and weldability of N-A-X FINEGRAIN steel is to be 
found in the manufacture of liquefied petroleum gas 
cylinders by Steel Cooperage Division of the Serrick 
Corporation, Detroit. 
These lightweight LP-Gas cylinders must be able to 
withstand high internal pressures. Therefore, the steel 
used in their manufacture must have a minimum 
yield strength of 50,000 pounds per square inch and 
a tensile strength of 70,000 pounds per square inch, 
in order to meet the requirements of Section 4BA of 
the I.C.C. specifications. 
On this job, as with so many others, N-A-X FINEGRAIN 
steel resulted in lighter weight, without sacrifice of 
strength and safety. 

heck these important advantages for your job: 
N-A-X FINEGRAIN steel, compared with carbon steel, 
is 50% stronger e has high fatigue life with great 
toughness e is stable against aging e has greater 
resistance to abrasion e is readily welded by 
any process e offers greater paint adhesion e 
polishes to a high luster at minimum cost. And the 
physical properties of N-A-X FINEGRAIN are inherent 
in the “as rolled’’ condition. N-A-X FINEGRAIN’S 
resistance to normal atmospheric corrosion is twice 
that of carbon structural steel. NOTE: Where 
greater resistance to extreme atmospheric corrosion 
‘s; an important factor, our N-A-X HIGH-TENSILE is 
ecommended. 
For whatever you make, from pressure cylinders 
to tractors, with N-A-X HIGH-STRENGTH steels you 
ean design longer life, and/or less weight, and 
economy, into your products. Let us show you how, 
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NAX FINEGRAIN STEEL 


BUILDS IN STRENGTH 
WITH LIGHT WEIGHT 














N-A-X Alloy Division, Dept. C-5 


GREAT LAKES STEEL CORPORATION 


Detroit 29, Michigan . 


NATIONAL STEEL CORPORATION 


Division of 





aaron 
see 


N-A-X Alloy Div., Dept. C-5 ; 
Great Lakes Steel Corp., Detroit 29, Michigan | 
Please send me technical data on N-A-X FINEGRAIN steel 
Please have your representative contact me. | 

| 

Name Tith nal an 
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e 
ompany_ —_ - 
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Seut | 
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City Zone State ; 
endteqwenepenesaiasesesanesuncedsuneperaaenanianien il 
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How to cut cost and improve performance 
of heavy-duty equipment with USS “T-1” Steel 


When you simplify fabrication ...when you increase service 
life... when you cut down the need for repairs and main- 
tenance, you save money. And these are precisely the ways 
in which you can save money with USS ‘“*T-1” Steel. 


VERY HIGH STRENGTH USS “T-1” Steel can be furnished to the 


; ollowing heat-treated mechanical properties: 
To the right, you’ll find mechanical prop- f . cba 


erties of USS “T-1” Steel that help you 
increase strength and durability without Plate Thickness: 
increasing weight . . . reduce weight and size 
without sacrificing performance. 





V4” to Over 2” to Over 4” to 
2” incl. 4” incl. 6” incl. 


Yield Strength, Ext. 
TOUGH under load (min) 90,000 psi 90,000 psi 90,000 psi 


The phenomenal toughness of USS “T-1” 
Steel—even at sub-zero temperatures—has Tensile St th (mi 105.000 psi 105,000 psi 105,000 psi 
been used to increase service life and mini- cones ‘ ” : ™ ; " 
mize need for repairs in equipment that 
must withstand severe impact stresses out- 
doors in cold weather. Elongation in 2”, % (min) 18 17 16 


IMPACT AND ABRASION —— i 
RESISTANCE 


USS “T-1” Steel is now in service in coal 
chutes, ore cars, excavating equipment, and 
other jobs where abrasive wear and impact 
is severe and constant. It is doing an out- 
standing job: increasing service life and re- 


Reduction of Area, % (min) 55* 50 45 











*A standard .505” round tensile specimen is used if the thickness ex- 
ceeds 3,”. On sizes 3%” and under, a strap-type tensile specimen may 
be used which necessitates a lowering of the Reduction of Area specifi- 





ducing repairs and maintenance. cation to 45% minimum. 

All testing in accordance with ASTM recommended practices. 
HIGH-TEMPERATURE STRENGTH 
This same USS “T-1” Steel serves in high Stress 1,000 psi for 
stress applications at elevated temperatures. Test 1% Creep in Rupture in 
This creep-rupture data shows you why: Temperature, °F 10,000 Hr. 1,000 Hr. 10,000 Hr. 
FABRICATION + 
USS “T-1” Steel usually doesn’t require 900 44.0 59.5 44.0 
pre- or post-heating when welded or flame 
cut. With the proper electrodes, welds de- 1,000 10.5 23.0 13.8 
velop 100% joint efficiency without stress 
relief. This good weldability often permits 1 
faster, lower-cost field fabrication of heavy- aad _ ae “ 
duty parts. 











USS “T-1” Steel can be drilled, machined, and cold-formed 
as easily as other steels of the same strength and hardness. 


UNITED STATES STEEL CORPORATION, PITTSBURGH - COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO - TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS * UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


er — be 
uss /(%’ | CONSTRUCTIONAL ALLOY STEEL & 


“USS” and “T-1" are registered trademarks 
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For control of wear due to 


IMPACT and 
ABRASION 


7-4 — Ore 
Ferrous Alloy Gastings 





Types of Alloys 
Available 


Manganese Steels—Iin addition 
to the standard manganese 
steel (Hadfield’s analysis), 
Amsco produces four specially 
alloyed manganese steels. 
Chromium or molybdenum 
are added to improve yield 
strength, ductility and/or 
resistance to advance effects 
of heating. 


Chrome-Moly Steels—Pearlitic, 
air-hardening steels alloyed 
with chromium and molybde- 
num are available in two 
forms. Both have higher tensile 
strengths and, in some appli- 
cations, longer wearing prop- 
erties than manganese steels. 


Multiple-Alloy Engineering 
Steel—Martensitic, high- 
performance steel alloyed with 
chromium, nickel and molyb- 
denum for use in combining 
engineering-abrasion applica- 
tions. Develops very high ten- 
sile properties with good duc- 
tility and impact resistance. 


High-Chromium lIron—Has 
excellent abrasion resistance 
with high compressive strength 
and low ductility. 


Amsco® is the world’s largest producer of austenitic 
manganese steel castings. This material—‘*‘the toughest 
steel known”—finds wide application in the mining, con- 
struction and quarry industries—wherever severe wear 
due to impact and abrasion is a factor. 

In addition, Amsco produces nine other ferrous materials 
which vary widely in analysis, character and performance. 
This permits Amsco engineers to make an impartial 
recommendation on the best material for almost any spe- 
cific wear application. Such recommendations normally 
require a careful appraisal of a// factors affecting wear-life 
—including original cost, maintenance cost, service life, 
application characteristics. 

Amsco engineers are equipped to give 
you specific information on the types of 
alloys listed here. Call in your nearest 
Amsco representative. Or write us direct 
for a copy of Booklet S-57—Amsco Ferrous 
Alloy Castings. 








ANAS CO, 








American Manganese Stee! Division ° Chicago Heights, 


OTHER PLANTS IN: DENVER, LOS ANGELES, NEW CASTLE, DEL., OAKLAND, CAL., ST. LOUIS; JOLIETTE, QUEBEC 
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a must for 
your files... 


free data books 
from Allegheny 


SPECIAL STEELS FOR INDUSTRY .. . 16 pages, 
jam-packed with technical information on principal 
Allegheny Ludlum products: stainless, tool and 
electrical steels and Carmet carbide materials. In- 
cludes: a stainless steel Finder chart giving analyses 
physical data, properties, etc.; data on stainless 
fabrication; stainless corrosion resistance to various 
media; charts on electrical materials and Carmet 
carbide materials; properties and treatment for 


principal A-L tool steels. 


STAINLESS STEEL IN PRODUCT DESIGN .. . 40 pages of 
useful engineering and fabricating data including practical 
examples showing where, when, how stainless steel improves 
design, adds benefits, helps sales. Information includes 
standard sizes and shapes; designing for lower costs in form 
ing, joining, finishing, etc. with many pictures of actual 
products made and designed in stainless steel. 


PUBLICATION LIST . . . 8-page folder that lists and describes 
all the current publications offered by Allegheny Ludlum: 9 
general publications, 14 on stainless, 10 on stainless applica- 


PUBLICATION tions in specific industries, 16 technical data sheets on stain- 


less, 40 on tool steels, 20 on Carmet carbide materials, 5 on 


LIST forgings and castings, 12 on electrical steels. There is a handy 


order form to use in getting the data you need. 


As the major producer of special alloy steels for industry 

® Allegheny Ludlum naturally offers much more than steel 

TO OBTAIN Ten strategically located plants provide prompt mill deliveries 

copies of and stock shipments are made from warehouses in all indus- 

trial centers. Staff specialists from the mills working with the 

the sales engineers from the sales office provide assistance when 

three valuable requested. Whenever you have a problem involving stainless, 

high-temperature, electrical, magnetic or tool steels or sintered 

data books carbides, let us help. Allegheny Ludlum Steel Corporation, 
shown above, Oliver Building, Pittsburgh 22, Pennsylvania. 


just address 
your request 


ALLEGWENY LuotUM to ALLEGH ENY 


a aan DEPT, PE-94 LUDLUM AL 
a | 


PIONEERING on the Horizons of Stee! 
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we've put together 


a new designing book for you! 


Maybe you've been reading our Kaiser Aluminum De- 
signing With Aluminum series in “Product Engineering” 
all along. And possibly you have already requested that 
we add you to our fast-growing mailing list of designers 
and engineers who receive re-prints of these articles. 

In any event, we think you'll be pleased to hear that 
we have completed a handsome new edition of Designing 
With Aluminum for you. It contains all of the first 24 
articles in the series (all of which were first published in 
“Product Engineering” ) and presents useful information 
on such important subjects as: 

e Choosing a Wrought Alloy 

e Electrical Characteristics 

e Roll Forming vs. Extruding 

e Redesigning from Steel to Aluminum Sheet 

e Prepaint Treatment of Aluminum 
And because we know how important this kind of infor- 
mation is to you, we have designed this handy book so 


that it can become a permanent addition to your research 
library. 


Send for your free copy today. Just use the coupon on 
this page. 

Kaiser Aluminum & Chemical Sales, Inc., General 
Sales Office, Palmolive Bldg., Chicago 11, Illinois; Ex- 
ecutive Office, Kaiser Bldg., Oakland 12, California. 

BY THE WAY: If you’re wondering about articles 25 on-up, 
you'll see them first as they appear in “Product Engi- 
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neering.” Then, they’ll be sent to you one at a time as 
re-prints are available—until such time as we compile 
Volume IT. 

DO YOU KNOW ANYONE ELSE WHO COULD USE THIS BOOK? 
We’ve left room in the coupon for you to write in another 
name and address, and we'll be happy to send a copy of 
the book to whomever you suggest. 


Kaiser Aluminum 


THE BRIGHT STAR OF METALS 


KAISER ALUMINUM & CHEMICAL SALES, INC. 
Dept. PD-1 

919 No. Michigan Ave., Chicago 11, ll. 

Please send a FREE copy of “Designing With Alumi 
num” to: 

NAME___ 

COMPANY 

ADDRESS. 

 , == 


NAME 
COMPANY 
ADDRESS 
cITY- 





NATIONAL TUBE DIVISION, PITTSBURGH 
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mich oO 
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You'll find it all here... 


The information you need when 
designing for high strength steels 


uR new “Design Manual for High Strength 
Steels” is ready for distribution. Here are 174 
pages of practical, authoritative information that 
you will find invaluable in designing your prod- 
uct for greater economy and efficiency by the 
sound use of high strength stcels. No designer 
should be without it. 
This excellent book covers in detail the prob- 
lems of tension, compression, shear, beam stress, 
deformation and deflection. It fully describes the 


fundamental characteristics of low-alloy high 

strength steels, shows you how to design against 

corrosion, describes the application of formed 

sections. Complete with tables, formulas, and 

basic data covering this important field of design. 
> . . 

For your free copy, write on your company 
letterhead, giving your title or department, to 
United States Steel Corporation, Room 5645, 525 
William Penn Place, Pittsburgh 30, Pa. 


UNITED STATES STEEL CORPORATION, PITTSBURGH + AMERICAN STEEL & WIRE DIVISION, CLEVELAND + COLUMBIA-GEWEVA STEEL DIVISION, SAN FRANCISCO 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS HIGH STRENGTH STEELS 


USS MAN-TEN . 


USS COR-TEN «+ 


USS TRI-TEN 
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UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 


METALS 


AND ALLOYS REVIEW 


by FRANK M. LEVY, Vice President 
and Director of Research 


MUELLER BRASS CO., PORT HURON 22A, MICHIGAN 


“600” Series 
Gears proved versatile 
in variety of applications 


One of the most interesting things about 
our 600 series bearing alloys is the great 
variety of products in which they find 
application. Illustrated below are two 
gears used in rotary tillers and garden 
tractors. Those gears are big, take a lot of 
abuse, and meet the job needs perfectly. 
We also make a lot of small parts too, that 
have been specified because of the many 
unusual properties of this series of alloys. 


One good example that comes to mind is a 
shaft bushing on a rotary selector switch 
that we make for an instrument manu- 
facturer. This selector is used for switching 
sound-powered telephone circuits aboard 
Naval vessels. One of the most important 
considerations in the choice of 600 alloy 
for this bushing was its resistance to 
abrasive action on and against a rubber 
“O” ring. The acceptance test required a 
stainless steel shaft riding in the bushing 
to rotate “dry” for a minimum of 50,000 
cycles consisting of 360° rotation clock 
wise followed by a 360° rotation counter- 
clockwise. The “‘O”’ ring must still form a 
watertight seal at the end of the test. Our 
602 alloy was the only one of several 
materials tested that met the specs. That 
was pretty good evidence in itself of resist- 


(Top) 8%” 
diameter 
"600" Drive 
Gear and 
(Right) 25 
tooth Worm 
Geor. 


ance to abrasion, but, in addition, this 
customer also found that the use of 602 
eliminated the headaches they previously 
had with seizing and galling. 


The pounding action caused by the index- 
ing mechanism attached to the shaft used 
to give them no end of seizing troubles. 
The chief product engineer is extremely 
happy about the way our alloy is perform- 
ing. Mention was also made of the fact 
that the corrosion resistance of 602 was 
mighty impressive. In this application, the 
alloy passed the 200-hour Navy salt spray 
test with flying colors. 


So, big or small, it seems that there is no 
end of applications for 600 series alloys. 
We even have parts working in a machine 
that slices frankfurters as well as gears 
in fishing reels. So, it seems that 600 runs 
the gamut from “red hots to reels’’. If you 
have any problems or questions about 
non-ferrous alloys or you're having trouble 
getting desired performance from a part, 
why not drop me a line here in Port Huron, 
and possibly I can be of some service. Send 
a part print if you like, and we'll be glad 
to make proper recommendations. 


S-C Rod sets 
new standard for 
consistent uniformity 


Recently Ray Engelgau, who heads our 
statistical quality control procedures, and 
Amos Armitage from our machining de- 
partment met in my office and we had a 
very interesting discussion on our new 
“S-C” rod. The term “S-C”’ is derived 
from the fact that it is produced from 
billets that are cast semi-continuously. In 
addition, we use the letters “S-C”’ to indi- 
cate its “‘super cutting’’ qualities which is 
one of the outstanding characteristics of 
this rod. 


I have just received a letter from a well- 
known equipment manufacturer who has 
been running tests on S-C rod. They 
reported that the incidence of tool trouble 
per 1000 forgings machined from S-C rod 
were approximately half that of forgings 
made from conventional rod. We think 
that is pretty good evidence that the rod 
made by our semi-continuous process is 
exceptionally uniform by all standards. 
Incidentally, our new billet casting depart- 
ment is quite a model of automation and 
has a number of interesting processes and 
features. Any time you happen to be in 
our area we would be more than happy to 
show you through and explain the many 
points of this process that give us what we 
firmly believe to be the best possible rod 
available today which of course is reflected 
in the quality of our forgings. 


OCTOBER 1957 
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STATISTICAL QUALITY CONTROL 
HISTOGRAMS prove the 
consistent uniformity of 
MUELLER BRASS CO. S-C 
super-cutting) ROD 
on internal forming operations 


The consistent uniformity of Mueller 
Brass Co. S-C (super-cutting) rod, which 
is produced semi-continuously, is clearly 
demonstrated in the histogram shown 
above. Comparison tests were made on a 
hydraulic fitting produced both from con- 
ventional method rod and S-C rod. The 
internal formed diameter of this fitting 
required a fairly close dimensional toler- 
ance, which is difficult to control. When 
rod made by the conventional method was 
machined, the parts could not be held 
within the specified tolerance range. Using 
the same machine and tooling, along with 
Mueller Brass Co. S-C rod, the machined 
parts were well within the required toler- 
ance range. Why not let new Super- 
Cutting Rod prove its excellent uniform 
cutting qualities for you . . . your products 
deserve the best. 


@ WRITE TODAY FOR THE ENGINEERING 
MANUAL YOU NEED 


Mueller Brass Co. Forgings 
Engineering Manval H-58565 
Tuf-Stuf Aluminum Bronze Alloys 
Engineering Manvol H-58563 
600 Series Bearing Alloys 
Engineering Manual FM-3000 
Copper Base Alloys in Rod Form 
Engineering Manvol FM-3010 





e seal of quality|metals and service, 
coast to coast 


REVERE TECHNICAL ADVISORY SERVICE—When 
you buy from Revere you get more than top quality copper, 
brass and aluminum. You also get all of the advantages of 
Revere’s warehouse-full of knowledge which has been 
accumulated over more than a century and a half of work- 
ing with non-ferrous metals. To help you apply this 
knowledge to your specific problems is Revere’s Technical 


Advisory Service . . . a Service that has time and again, 

through working closely with engineering, production, 

designing and purchasing departments, been instrumental 

in coming up with suggestions that have resulted in 

substantial savings to customers. 

TAKE ADVANTAGE OF THIS SERVICE BY CALLING 
THE REVERE OFFICE NEAREST YOU TODAY! 


EXECUTIVE OFFICES: 230 PARK AVENUE, NEW YORK 17, N.Y. 
Phone: MUrray Hill 9-6800 Teletype: NY 1-1222 Cable address: REVERECOP—New York 
Division Offices and Mills: District Sales Offices: 


Mill Products 
Baltimore Division 
P.O. d0x 2075, 1301 Wicomico Street, Baltimore 3, Md. 
Dallas Division 
2200 North Natchez Avenue, Chicago 35, lil. 
Michigan Division 
5851 West Jefferson Avenue, Detroit 9, Mich. 
New Bedford Division 
24 North Front Street, New Bedford, Mass. 
Pacific Coast Division 
P.O. box 3246, Terminal Annex, 6500 East Slavson Avenve 
Los Angeles 54, Calif. 
Rome Division 
P.O. box 151, Rome, N. Y. 


Manufactured Products 
t Clinton Manufacturing Division 
P.O. box 112, Clinton, ll. 
t Joliet Division 
P.O. box 1414, Joliet, til. 
t Sales Headquarters 
2200 North Natchez Ave., Chicago 35, Ill. 
Riverside Manufacturing Division 
P.O. box 1069, 2626 Kansas Avenve, Riverside Calif. 
Rome Manufacturing Company Division 
P.O. box 111, Rome, N. Y. 


Foil Products 

Foil Division 
Brooklyn Plant—196 Diamond Street, Brooklyn 22, N. Y. 
Chicago Plant—825 West Blackhawk Street, Chicago 22, lil. 
Newport Plant—Highway 67, Newport, Ark. 

Revere Ware Foil Container Division 
2200 North Natchez Avenue, Chicago 35, lil. 
Plant—Fort Calhoun, Nebr. 
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Gilmor 5-0222 
Merrimac 7-2600 
Vinewood 1-7350 
Wyman 8-560! 


Raymond 3-333! 
Rome 2000 


Clinton 1000 
Lockport 1651 
Merrimac 7-2600 
Overland 4.5610 
Rome 2800 


Evergreen 9-5180 
Michigan 2-0692 
Newport 1328 


Merrimoc 7-2600 
Fort Calhoun 4011 


Atlanta 9, Ga., 1295 Spring Street, N. W. 
Boston 16, Mass., 108 Arlington Street 

Buffalo 7, N. Y., 1807 Elmwood Avenve 
Cincinnati 8, Ohio, Station “O", Box 26 
Cleveland 7, Ohio, 14700 Detroit Avenve 
Cranston 10, 8. L, 30 Midway Rd. 

Dollies 35, Texas, P. O. Box 35247, 

8320 Chancellor Row 

Dayton 5, Ohio, 4217 North Main Street 
Denver 4, Colo., 1219 California Street 
Grand Rapids 2, Mich., Keeler Building 
Hartford, Conn., see Newington 

Houston 4, Texas, 3101 Fannin Street 
Indianapolis 20, ind., 665 East 61st Street 
Konsos City 11, Mo., 34th Street and Broadway 
Miami, Fia., see North Miomi 

Milwaukee 2, Wis., 228 North Broadway 
Minneapolis 27, Minn., 5620 West Broadway 
Newington 11, Conn., 81 Market Square 

New York 17, N. Y., 75 East 45th Street 
North Miami, Fia., 900 N. E. 125th Street 
Philadelphia, Pa., see Wynnewood 

Pittsburgh 28, Pa., 666 Washington Road 
Providence, see Cranston, R. |. 

Rochester 4, N. Y., 31 Gibbs Street 

St. Lovis 8, Mo., 3615 Olive Street 

Son Francisco 5, Calif., 116 New Montgomery Street 
Seattle 9, Wash., 314 Fairview Avenve, North 
Wynnewood, Pa., One Wynnewood Road 


Trinity 6-1017 
Hubbord 2.7190 
Deleware 7616 
Trinity 1-1232 
lekewood 1-2440 
Stvert 1.5253 


Fleetwood 7-4058 
Randolph 2187 
Alpine 5-2066 
Glendale 9-330! 


Jackson 9-3723 
Clifford 1-4505 
logon 1-8403 


Broodway 1-1440 
Kellogg 7-3639 
Mohowk 6-249] 
Murrey Hill 9-6800 
Plaze 1-1614 


locust 1-8606 


Boker 5-6540 
Jefferson 1-0300 
Sutter 1-0282 

Main 1401 
Greenwood 7-8326 
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FORM IT 


BsaW MECHANICAL TUBING 


for economical, effective design and fabrication of hollow parts 








CHOOSE FROM A COMPLETE SELECTION 


TYPES 
Seamless Tubes — hot-finished, cold-drawn, or roto- 
rocked 


Welded Tubes—from hot-rolled or cold-rolled strip 


GRADES 
Stainless Steels—B&W Croloys 12 to 27 


Low and Intermediate Chrome Molybdenum Alloys 
—B&W Croloys 4 to 9 

SAE-AISI Alloys and Nitralloy Steels 

Nickel Steels—B&W Nicloys 31, 5, and 9 

Carbon Molybdenum Steels—in various grades 
Carbon Steels—in various grades 

Titanium Metal—in various grades 


SIZE RANGE 
Up to 95% inches outside diameter in a wide range of 
wall thicknesses 


SURFACE FINISHES 
As rolled, as drawn, as welded, flash removed, turned, 
scale-free and polished 


SPECIFICATIONS 
Made to any of the. standard specifications such as 
those of the AISI and U. S. Government 


QUALITY 
Open-hearth and electric-furnace steels, including air- 
craft and magnaflux qualities 


CONDITION 
Unannealed, annealed, tempered, normalized, or other- 
wise heat-treated as required 


SHAPES 
Round, square, rectangular, or other shapes 


FABRICATION 
Upsetting, swaging, expanding, bending, and machin- 
ing 
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JOIN IT 


The inherent abilities of B&W Mechanical Tub- 
ing as a metal form make it a_ versatile, 
economical material source for tubular me- 
chanical parts. It has a high strength-to-weight 
ratio, will assume virtually any design shape 
without loss of structural advantages, and also 
has many other desirable qualities, such as oxi- 
dation and corrosion resistance, which can be 
obtained by selecting the proper tubing analyses 
from B&W’s wide range of grades. 

B&W Mechanical Tubing cuts fabrication time 
and costs by providing a partially prefabricated 
form whose physical dimensions closely approxi- 
mate those of the finished part. Selection of 
tubing with diameter, wall thickness and surface 
finish as close as possible to those of the final 
product reduces machining and finishing costs 
substantially, sometimes virtually eliminates 
them. For further information on how B&W 
Mechanical Tubing meets your design and 
fabrication requirements, write for Bulletin 352. 
The Babcock & Wilcox Company, Tubular 
Products Division, Beaver Falls, Pa. 








TA-7033-A 


B43 























Square holes Slots Oval holes 


Types of FINISHES- Decorative sheets in aluminum can be 
delivered color anodized or with brushed finish. Steel sheets, 
painted, lacquered or Japanned. All decorative patterns can 
be embossed if requested. 


Types of FABRICATING — Shearing, rolling, welding and 
forming services are available. 


PERFORATED SHEETS CARRIED IN STOCK — Many patterns 
(industrial and decorative) are carried in stock at our ware- 
houses for immediate delivery. Thousands of odd size pieces 
are also available if your requirements are small. SEND 
FOR H & K STOCK LIST BROCHURE. 


Write for 128 Page General Catalog No. 62 Today 





PERFORATED 
MATERIALS 


for Industrial or Decorative Uses 


Types of MATERIALS — All metals— wood — plastics —cloth 
fabrics—paper. Facilities enable the perforating of materials 
furnished in sheets, coils, rolls or plates. 

Types of PERFORATIONS — H & K has thousands of different 
die patterns to perforate round holes—slots— squares —tri- 
angles—oval shapes—burred, indented, tapered, stabbed, 
collared or lipped perforations — architectural grilles —lovu- 
vres—decorative patterns—processing screens and precision 
sieves with tolerance held to + .0005”. 


= Hh 


Round holes Oblong holes Ornamental patterns 


ws Farrington & Ming 


PERFORATING CO., INC. 


Chicago Office and Warehouse « New York Office and Warehouse 


5618 Fillmore Street 
Chicago 44, Illinois 


114 Liberty Street 
New York, New York 








63 JOBS YOU CAN DO BETTER WITH 
CERRO ALLOYS 


HE unusual properties of Cerro non-shrinking, low- 
temperature-melting alloys are especially valuable 
in four groups of industrial applications: 


1. DESIGN—in anchoring non-moving parts 
in machinery, and similar tasks. 


. PATTERN and MODEL reproduction. 
3. PUNCH and DIE PART anchorage. 


4. HOLDING work pieces of thin or ir- 
regular section. 


Cerro de Pasco has prepared a new folder listing 63 
important industrial jobs in these groups, that can be 
done better with Cerro Alloys. This folder tells how you 
can obtain detailed information on any or all of these 
useful and cost-saving applications 


CERRO DE PASCO SALES CORPORATION 


52 E. 50th St., Room 1501, New York City 22, N. Y. 


Send today for our new free folder: 
“63 Jobs You Can Do Better with Cerro Alloys.” 
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FOR PRODUCTION SHORTCUTS... 
Cald Drawn Seamless Steel Fubing 


AIRCRAFT TUBING 
Easier Fabrication 
Uniform Strength 
Dimensional Accuracy 


PRESSURE TUBING 
Longer Tube Life 
Broad Applications 
Easily Coiled or Rolled 


MECHANICAL TUBING 
Excellent Machinability 
Smoother Surface Finish 
Saves Time, Material 


Full Catalog 


TUBE COMPANY 
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How expanded aluminum 
increased coil efficiency 








Anheuser-Busch, Inc., St. Louis, 
Mo., used Penmetal expanded 
aluminum in their freezing units 
to cover the exposed ends of the 
evaporator coils. This expanded 
aluminum provided additional 
prime surface for frost collection 
on the cooling coils and fins — 
thus increasing the efficiency of 
the unit. 





But Anheuser-Busch found 
other advantages in expanded 
aluminum. Cooling air circulates 
freely through the open mesh . .. 
it won't rust .. . can’t ever loosen 
... and was easy to shape. 


Does the success of this manu- 
facturer open your eyes to a new 
possibility for solving some prob- 
lem of your own by using ex- 
panded aluminum? Write today, 
for a reference copy of booklet 
507 EM. No cost or obligation. 


PENN METAL COMPANY, INC. 
Penmetal expanded aluminum used to , 
cover exposed ends of evaporator coils General Sales Office: 
in Anheuser-Busch refrigerator- : rr ; 40 Central Street, Boston 9, Mass. 
merchandiser. Plant: Parkersburg, W. Va. 
District Sales Offices: Boston, New York, 
Philadelphia, Pittsburgh, Detroit, St. Lovis, 
Dallas, Little Rock, Seattle, San Francisco, 
Los Angeles, Parkersburg 


Product Engineering — Mid-October, 1957 





ENGINEERED 


for your unusual 
requirements 





PRODUCED 


to your rigid 
specifications 





Typical of the Somers quality 
control equipment is the first Accu- 
Ray nuclear gauge ever employed 
in the non-ferrous industry. This 
instrument will check the gauge 
across the full width of strip to 
the hundred-thousandth, 


Complete modern laboratory 
includes facilities for chemical, 
electrical, and performance testing 
of all Somers Thinstrip, both in 
process and before shipping. 


Sendzimir mill provides high produc- 
tion of thinnest gage strip. Auto- 
matic gaging of entire run assures 
uniform accuracy throughout. 


Nickel, Monel and Nickel Alloys from .020” to .000175”. 
Brass, Bronze, Copper and Alloys from .010” to .000175”. 
Thickness and width tolerances held to =5% where required. 


Over 40 years’ experience with special alloys to meet a wide 
range of physical properties, including tensile strength and 
fatigue resistance. 


UNIGRAIN thin strip brass is a typical example of Somers 
advanced methods and equipment. Special continuous anneal- 
ing furnace produces a deep drawing brass with a fine grain 
finish that cuts buffing time in half. 


Write for Confidential Data Blank or send samples for 
thorough survey by our engineers at no cost or obligation 
to you. 


FOR EXACTING STANDARDS ONLY 


OMELS Brass Company, Inc. 


114 BALDWIN AVE., WATERBURY, CONN. 








Catalogs 


and 


Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 





(N-1) Aluminum Mill Products— 
Brochure, 18 pp. Contains selection 
guides for wrought alloys in sheet, 
plate and foil, wire rod and bar, tub- 


| ing and pipe, extruded and structural 


shapes, and casting alloys. Reynolds 
Metals Co., 2500 S. 3 St., Louisville 
1, Ky. 


(N-2) Stainless Steel Bar and Wire— 


| Booklet, 24 pp. Describes 45 types of 


stainless steel, including several special 
proprietary grades. Armco _ Steel 


| Corp., Middletown, Ohio. 


| (N-3) Zirconium and Its Alloys—Bib- 


liography, 7 pp. Contains source ma- 


| terial available on properties and 


applications published since 1950. 
Columbia-National Corp., 70 Memo- 
rial Dr., Cambridge 42, Mass. 


(N-4) Sintered Carbides—Booklet, 
Contains 15 data sheets each giving 
applications, analysis, physical charac- 
teristics and a photomicrograph show- 
ing the grain structure of carbide 
powder. Allegheny Ludlum Steel 
Corp., 1500 Jarvis Ave., Detroit 20, 
Mich. 


(N-5) Stainless Tubing and Pipe— 
Bulletin, 4 pp. Describes 17-7 alloy in 
tubular form. Carpenter Steel Co. 
Union, N. J. 


(N-6) Titanium Pipe and Tubing— 
Bulletin TDC 185, 12 pp. Discusses 
seamless titanium pipe and tubing. 
Babcock & Wilcox Co., Beaver Falls, 
Pa. 


(N-7) Welded Steel Tubing—Booklet, 
16 pp. Contains data on tubing 
formed from zinc-coated aluminum- 
coated, hot-rolled steel, and cold- 
rolled steel. Armco Steel Corp., Mid- 
dletown, Ohio. 


Product Engineering — Design Digest Issue 





STAINLESS 
STEEL 
MAKES THE 
DIFFERENCE 


...its effect on the 
sale of new designs 


|) gain prominence through 
the effectiveness and saleability of 
their work. The sales appeal of stain- 
less steel is a powerful tool for selling 
new designs. It has turned many de- 
sign ideas into profitable products. 

The recognized merits of stainless 
steel, such as strength and corrosion 
resistance, make it equally “right” for 
housewares, jet engine parts, or chem- 
ical equipment. These qualities plus 
a variety of finishes have put stainless 
into planes, trains, cars, cafeterias, 
and scores of other places. 

For more facts about stainless steel 
see your supplier. For a free copy of 
“Stainless Steel in Product Design” 
write: ELECTRO METALLURGICAL 
COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, 
New York 17, N. Y. 


METALS DO MORE ALL THE TIME 
+++» THANKS TO ALLOYS 


~ This 40-page book will give you 
lectromet important facts about selecting 
FERRO-ALLOYS AND METALS and applying stainless steel. Write 


for it today. 
Si site).| 
oy -\i5518) a 


The terms “Electromet” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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SINTERED STEEL 
PARTS... 


.. . high density only 


Precision parts only, with 
physical properties equal- 
ing most production steels. 
Tensile strengths to 200,- 
000 psi — elongation to 
25%. Material is pure elec- 
trolitic iron powder (no 
infiltration) with ultimate 
density of 7.65 gm/cc 
(97.5% of theoretical 
solid). End parts are solid 
steel, carburized conven- 
tionally to meet desired 
physical properties. Size is 
limited to one square-inch 
in cross-section. Supermet 
is an economical source for 
cams, gears (AGMA Pre- 
cision Class, fine pitch 
spur gears in quantities of 
10,000 up), sprockets, 
structural parts. SEND 
FOR DESIGN AND 
TECHNICAL DATA, 
“WHAT YOU SHOULD 
KNOW ABOUT SOLID 
PARTS FROM POW- 
DER”. PROMPT QUO- 
TATIONS GIVEN. 





SUPERMET 


DIVISION 
GLOBE INDUSTRIES, INC. 
1460 CINCINNATI ST., DAYTON 9, OHIO 
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olAMOND 


PERFORATED 


METALS 
FOLLOW THE TREND 


toward development of more at- 
tractive products through the 
greater use of DIAMOND ORNA- 
MENTAL PERFORATED METALS. 


Perforated-Metal Sections sup- 
plied by Diamond to other manu- 
facturers include Grilles and 
Louvers, for air conditioners, rad- 
ios, juke boxes, television sets, 
automobile instruments, etc. Fur- 
nished also, for many modern prod- 
ucts in Rigidized Perforated Metal. 


Screens, for industrial processing, 
sterilizers, etc.; Panels, for space 
heaters, etc.; Oil-Burner Chim- 
neys; Perforated Cylinders, for 
washing-machine and other cen- 
trifugal dryers; Accoustical Sheet; 
Sound Baffles; Welded and Fab- 
ricated Assemblies of al! kinds. 


Tooled for a great variety of 
perforations in any commercial 
metal, of any suitable thickness. 
Geared to meet the production 
schedules of America's te an in- 
dustrial concerns—that's Diamond. 


Want to know more about us 
and what we might do for you? 
Write for Catalogue No. 39. 


DIAMOND MANUFACTURING CO. 
Box 40 “i's PENNA. 


West Coast Plant, Diamond Perforated Metals Co. 
17915 So. Figueroa St., Gardena, California 
os Angeles Area 
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GET THESE FACTS STRAIGHT 
ABOUT STRAITS TIN: 


THE SUPPLY IS DEPENDABLE 





THE RESERVES ARE ADEQUATE FOR FUTURE NEEDS 





For Latest Uses, Send for New Booklet: 


“STRAITS TIN FROM MALAYA, 


its New Importance to American Industry" 


This new booklet contains up-to-the-minute infor- 
mation about one of our most useful metals— 
Straits Tin from Malaya. Booklet explains why 
tin’s properties make it so important to American 
industry, gives specific examples of new applica- 
tions solving various manufacturing problems. 
Sixteen pages, fully illustrated, factual and con- 
cise. Write now for your free copy of “STRAITS 
TIN FROM MALAYA, Its New Importance to 
American Industry.” 


The Malayan Tin Bureau 
Dept. 32K, 1028 Connecticut Ave. 
Washington 6, D.C. 


Please send me a free copy of the new booklet, “STRAITS TIN 
FROM MALAYA, Its New Importance to American Industry.” 
Name and Position 

Company___ 


Street__ 


The Malayan Tin Bureau 


Dept. 32K,1028 Connecticut Ave., Washington 6, D.C. 
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You are assured — a highly 
ALUMINUM EXTRUSION SERVICE 


trusion made with a 

triple port, 4 mandrel 

die. Quality control assured 
because dies and extrusions 
produced in ovr own shop. 


efficient 


PE facilities are complete from billet casting to finished extrusion 
and include the latest methods of scientific quality control. Our 


sole business is to produce high quality extrusions promptly 
at a reasonable price. 


This PE specialization in producing aluminum extrusions 
(neither fabricating or manufacturing other products) is 
your assurance of immediate skilled attention to your inquiries. 
We can serve you promptly, efficiently, and at low cost on 
either standard shape or especially designed extrusions. 


PE engineers have wide experience in all types of fabricating 
operations: and can provide invaluable aid in helping 
create new aluminum extrusion applications that will cut 
manufacturing costs and improve product quality. Your 
inquiries receive personalized and confidential attention. 


SIMPLE, COMPLEX — LARGE OR SMALL 


— — 

Som Mf bree Copies You'll find PE thoroughly experienced 
PE Extrusioneering News >. cauibbed = preame almost 
any type or size extrusion to serve your 
New illustrated bulletin covers case needs. There are over 5.000 standard 
PE shapes to select from—without 4 
die service charge. PE Extrusioneering 
provides the answer for especially 

designed shapes. 


PRECISION EXTRUSIONS, INC, 


729 GREEN AVENUE BENSENVILLE, ILLINOIS 


PHONE: BENSENVILLE 98 @ CHICAGO 


TUxedo 9-1701 


Chicagolands Oldest Aluminum Extrader 





Catalogs and Bulletins continued 


(N-8) Stainless Steels—Booklet, 8 pp. 
Contains information on Types 308, 
309 and 310 stainless, including infor- 
mation on physical properties, heat 
treatment, strength at elevated temper- 
atures and fatigue strength. Allegheny 
Ludlum Steel Corp., 2020 Oliver 
Bidg., Pittsburgh 22, Pa. 


(N-9) Stainless Steel—Booklet, 10 pp. 
Contains research data on 17-4 ph 
precipitation hardening stainless steel. 
The study includes compilation of 
mechanical properties after precipita- 
tion hardening at temperatures of 
from 800 to 1200 F, in 50 F steps, for 
both cast and wrought samples. Elec- 
tric Steel Foundry Co., 2141 N. W. 
25 Ave., Portland 10, Oregon. 


(N-10) Silicon Iron Magnetic Tapes— 
Bulletin DMF4, 4 pp. Contains infor- 
mation on sizes, weights, tolerances 
and insulation of tapes in thicknesses 
of 0.001, 0.002, 0.003, 0.004, 0.005 
and 0.007 in. Thomas & Skinner, Inc., 
1178 E. 23 St., Indianapolis, ind. 


(N-11) Metal Powder Bearings and 
Structural Parts—Handbook, 23 pp. 
Discusses sizing and bore of sintered 
bearings, good design vs poor design 
practice, secondary machining opera- 
tions and special requirements, speci- 
fications of sintered metals, sup- 
plemental lubrication, tools for 
machining, finished machine parts, 
dimensional tolerances, chamfers and 
fillets, sintered metal gears, and in- 
formative data on sealants, carburiz- 
ing or carbo-nitriding. A large PV 
chart is shown. Bunting Brass & Bronze 
Co., Toledo 1, Ohio. 


(N-12) Where to Use Aluminized 
Steel—Brochure PO 6456, 6 pp. Con- 
tains data on heat reflectance, heat 
and corrosion resistance and strength. 
Armco Steel Corp., Middletown, 
Ohio. 


(N-13) High Temperature Alloys— 
Booklet, 20 pp. Describes properties 
and fabrication characteristics of ten 
high-strength alloys for elevated tem- 
perature service. Carpenter Steel Co., 
317 W. Bern St., Reading, Pa. 


(N-14) Clad Metals—Bulletin CM901, 
4 pp. Contains data and charts on 
clad metals, contact materials and 
contact assemblies. American Silver 
Co., 36-07 Prince St., Flushing 54, 
mM. F. 
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Specify 


ANDVIK 


Precision-Tailored 


Spring Steel 


FOR ACCURATE FLATNESS, 
STRAIGHTNESS, WIDTH, GAUGE AND 
EDGE FINISH PLUS SPECIFIC 
PHYSICAL PROPERTIES 


Product Engineering — Mid-October, 1957 


When you require specific 
physical properties combined 
with accurate dimensions in 
spring steel, call Sandvik. 

From composition, through 
processing to the finished 
strip, Sandvik has had long 
experience in precision- 
control. That is why you find 
Sandvik steels used for 
feeler gauges, watch springs, 
compressor valves, camera 
shutters, reeds, shock 
absorbers and many other 
exacting spring steel 
applications. 

Sandvik supplies cold rolled 
specialty strip steels — 

@ in special analyses for specific 
applications. 

@ Precision-rolled thicknesses to 
fit your requirements. 

@ In straight carbon and 

alloy grades. 
ie A " d, led or 

hardened and tempered — 

scaleless or polished bright, 
yellow or blue. 
@ With square, round or 

dressed edges. 

Sandvik stocks a wide 
variety of qualities and sizes 
In addition Sandvik has 
Rolling, Slitting, Edge- 
Filing and Hardening and 
Tempering facilities. 


NEW, FREE BROCHURE 4 
Gives Specific Data 

On Sandvik Cold 

Rolled and Hard- 

ened and Tempered 

Strip Steeis. Cat- 

alogs leading types 

by application and 

lists finish, usual 

size range and chem- 4 
istry. Send for your copy today. 


SANDVIK STEEL, INC. 

1702 Nevins Road, Fair Lawn, 

New Jersey 

Tel. Fair Lawn 4-6200 — 

In N. Y. C. Algonquin 5-2200 
Warehouses: Fair Lown, N. J. © Cleveland « 
Los Angeles 

Branch Offices: Cleveland © Detroit « 
Chicage © Los Angeles 

SANDVIK CANADIAN LTD. P. 0. Drawer 1330, 
Sta. 0., Montrea! 9, P. Q. 

WORKS: Sandviken and Hellefors, Sweden 








if the -— is perforating . . 


Ever stop and think that the 
answer to your design problem 
may be simple perforations? 
Whatever material you’re working 
with, if it's metal, masonite, 
rubber, plastic, hard or insulated 
board for decorative or display 
usage, Hendrick can help you. 
Over a period of many 

many years, Hendrick. has built 
up the largest stock of dies 
commercially available. 


If you are faced with the need 
for perforated materials 


the answer is HENDRICK! 


or if you would like 
more information on how 


5] perforating can enhance 
the sales appeal of your 
products, get in touch 
with Hendrick today. 


Hendrick Manufacturing Company 


36 DUNDAFF ST., CARBONDALE, PA. @ Sales Offices in Principal Cities 


Perforated Metal + Perforated Metal Screens + Wedge-Slot Screens + Architectural Grilles + Mitco 
Open Stee! Flooring + Shur-Site Treads + Armorgrids 


l// 
\\\ 


Metallurgists & Specialists in Small Wire 


FOR OVER 56 YEARS 


BASE METAL WIRES... Very small 
diameter — for filaments, thermo- 
couples, resistance units. 


PRECIOUS METAL WIRES... 
Produced in Platinum, Gold, alloys 
and pure metals — small diameter 

. Platinum alloy resistance wires. 


COATED WIRES _. . Comprising 
an extensive range of electroplated 
grid wires . . . Enamel insulated 
wires for precision resistors and 
potentiometers. 


We invite your inquiry regarding 
unusual problems or specifications 
. Write for latest List of Products. 


SIGMUND COHN CORP, 





Catalogs and Bulletins continued 


(N-15) Lithium—Booklet, 14 pp. Dis- 
cusses following questions: What is 
Lithium, What Are Some Lithium 
Chemicals, How Are They Unique, 
How is Lithium Used Today, What 
Are Lithium Research Possibilities, 
What is Lithium Availability? Ameri- 
can Lithium Institute, 84 Nassau St., 
Princeton, N. J. 


(N-16) Carbon, Alloy and Stainless 
Steels—Folder, TDC 138, 2 pp. Two 
tables are shown. One lists dimen- 
sional data for 16 sizes of pipe from 
¥g to 8 in. The other covers ASTM, 
ASME specifications. Babcock & Wil- 
cox Co., Beaver Falls, Pa 


(N-17) Zirconium and Hafnium — 
Booklet, 12 pp. Describes uses, me- 
chanical and physical properties, and 
sodium process for producing these 
metals. U. S. Industrial Chemicals 
Co., 99 Park Ave., New York 16, 
- 


(N-18) Boron Stainless Steel—Bulle- 
tin, 8 pp. Contains data on chemical 
composition, structure, mechanical 
properties, and thermal neutron ab- 
sorption of plate, sheet, strip and bars. 
Superior Steel Corp., Carnegie, Pa 


(N-19) Iron Powders—Booklet, 14 
pp. Contains data and specifications 
on characteristics, strengths, iron sin- 
ters, iron-copper mixes and bushings 
Republic Steel Corp., 3100 E. 45 St., 
Cleveland 27, Ohio 


(N-20) Rolled Steel Pattern—Bro- 
chure, 15 pp. Contains pictures and 
information on design pattern. Sharon 
Steel Corp., Sharon, Pa. 


(N-21) Steel Data—Booklet, 256 pp 
Contains information on machining, 
fabricating, specifications, tolerances, 
weights, dimensions, elements and safe 
loads. Joseph T. Ryerson & Son, Inc., 
Box 8000-A, Chicago 80, III. 


(N-22) Corrosion of Titanium—Book, 
175 pp. Contains data on resistance, 
reactions, applications and studies 
performed on titanium. Titanium Met- 
allurgical Lab., Battelle Memorial 
Institute, Columbus 1, Ohio. 


(N-23) Precious and Base Metals 
Booklet, 14 pp. Contains data des- 
cribing precision-rolled solid and lam- 
inated metals. D. E. Makepeace Co., 
Attleboro, Mass. 
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eed special-purpose wire or steel? 


Whether it’s manufacturing special wire and steel to 
your specifications, or working with your engineers to 
develop new types to solve new problems, you can 
always count on National-Standard for something ex- 
tra ...in quality control . . . in product uniformity . . . 
and in service! Not just an idle boast. We’ve been 
doing it that way for over 50 years . . . and would like 
very much to prove it to you. 
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NATIONAL STANDARD 


WORCESTER WIRE WORKS, Worcester, Mass.; Sigh en0 fow carbon specialty wires 


DIVISIONS: NATIONAL -STANDARD, Niles, Mion.; tire wire, sfainiess. music spring and plated wires + 





[AGNER LITHO MA 


ve 


. J.; metal decorating equipment + 


ATHENIA STEEL... Clifton, NM. J.; Met. high cordon apring sleet + 


REVNOLDS WIRE, Dixon, t.; 


odustrial wire cloth 











CHACE 


THERMOSTATIC 
BIMETAL...... 


actuating element in 
temperature-responsive 
devices 


Thermostatic bimetal is a vital component in widely 
diversified domestic and industrial devices which func- 
tion to indicate or control temperature or protect 
valuable equipment from the effects of heat or cold. 
Chace Thermostatic Bimetal performs such operations 
as opening or closing electrical contacts, rotating a 
shaft or manipulating a valve in response to a variation 
of either the ambient temperature or the heat generated 
by the resistance to electrical current flowing through 
the element. 


In the home, appliances such as washers, oven ther- 
mometers, driers, hand irons, coffee-makers, roasters, 
room thermostats, furnace controls and hundreds of 
others rely on thermostatic bimetal elements. The 
common industrial applications are circuit breakers, 
furnace indicators and controls, motor starters, timers 
and overload equipment. A dozen or more bimetal 
elements may be found in the modern automobile. The 
W. M. Chace Company is proud to state that its prod- 
uct is specified by the leaders among such manu- 
facturers, the result of over a third of a century devoted 
exclusively to thermostatic bimetal production. 


Chace Thermostatic Bimetal is furnished in 29 alloy 
combinations, in strip, coil or completely fabricated 
and assembled elements of our customers’ designs. We 
do not manufacture controls or other devices in com- 
petition with our customers. If your product is actuated 
by temperature change, send for our new 44 page 
booklet, “Successful Applications of Chace Thermo- 
static Bimetal,” containing 24 uses of bimetal and 
many pages of useful engineering data. Or bring your 
problem to our Applications Engineers. 


W. M. CHACE CO. 


161] BEARD AVE., DETROIT 9, MICH. 
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continued 


Catalogs and Bulletins 


(N-24) Production of Titanium Shaped 
Castings—TML Report No. 60, 48 
pp. Contains information on furnaces, 
materials, alloys and casting design. 
Titanium Metallurgical Lab., Battelle 
Memorial Inst., Columbus 1, Ohio. 


(N-25) Steel Casting Specifications— 
Bulletin, 6 pp. Summarizes all specifi- 
cations recommended for commer- 
cial, railroad, federal and military use. 
Steel Founders’ Society of America, 
606 Terminal Tower, Cleveland 13, 
Ohio. 


(N-26) Steel Castings—Folder, 20 pp. 
Contains description of 12 metals for 
casting. Dodge Steel Co., 6501 Ta- 
cony St., Philadelphia 35, Pa. 


(N-27) Tool Steels—Catalog, 52 pp. 
Contains data and tables on steels. 
Other sections discuss common tool 
steel failures, comparison and index 
of trade names, recommended grades 
for various conditions. Burke Steel 
Co., Inc., 30 Sherer St., Rochester 
. = = 


(N-28) Corrosion Resistance of Chro- 
mallized Iron and Steel Parts—Bulle- 
tin, 8 pp. Contains results of corrosion 
tests run on various steels. Chromalloy 
Corp., 450 Tarrytown Road, White 
Plains, N. Y. 


(N-29) Magnesium and Titanium— 
Booklet, 44 pp., of design data, in- 
cluding physical and mechanical prop- 
erties, mechanical properties at ele- 
vated temperatures, metal weights, 
forming characteristics, specification 
tables, corrosion behavior, surface 
treatments, welding and joining, ma- 
chining, heat treatment and _ stress 
relief. Strength-to-weight and stiffness- 
to-weight ratios for both metals are 
discussed. Brooks & Perkins, Inc., 
1950 W. Fort St., Detroit 16, Mich. 


(N-30) Stainless Steels—Data sheets 
285, 286, 7 pp. Contains data on Type 
329 in tubular form, and Type 309S. 
Babcock & Wilcox Co., Beaver Falls, 
Pa. 


(N-31) Alloys for Machinery Parts— 
Booklet, 44 pp. Contains data on 
chemical, physical and mechanical 
properties, corrosion resistance, and 
machining of cobalt-base, nickel-base, 
and iron-base alloys. Haynes Stellite 
Co., 30-20 Thomson Ave., Long 
Island City 1, N. Y. 
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STAINLESS STEEL 


produced the way you want it 
by Carlson 


Only at Carlson can you buy so many grades of stainless 
steel in the wide variety of shapes and sizes illustrated 
here. We regularly process such complete bill-of-material 
orders. Trained Carlson men, with years of experience 
and practical knowledge, are determined to give you 
the best and most efficient service possible. 


When you need stainless plate... 
Carlson gives you what you want 


when you want it! 


Write for CARLSON'S WEEKLY STOCK LIST... 
your guide to what's available in high-quality 
stainless steel. 


(AO. GEVRASOM Zc 








Stainbeus Steels Exclusively 


140 Marshalton Road 
Thorndale, Pennsylvania 
District Sales Offices in Principal Cities 





‘2 


STAINLESS STEEL PLATE ... rolled to 
almost any size or thickness, %6'' and heavier, 
to meet your individual needs—whether rec- 
tangles, circles or special patterns. Substantial 
tonnage in Types 302, 304, 304-L, 309, 309-S, 
310, 316, 316-L, 317, 317-L, 321, 347, 348, 405, 
410, 430 and 502-%2% Mo. is available for 
prompt delivery. In addition, two precipitation- 
hardening grades, Types 17-4 PH* and 17-7 
PH* are now in production. 


STAINLESS STEEL HEADS ... in Types 
304, 304-L, 316 and 316-L are available from 
stock in ASME and Standard specifications (10° 
to 72" diameter). A large assortment of dies 
is available for pressing other types of heads 
and special sizes can be spun where practical. 


STAINLESS STEEL FORGINGS and 
SPECIAL PATTERNS ... including tube 


sheets, flanges, circles, rings, sketch plates and 
other specialties can be produced to specifi- 
cation on our versatile equipment. 


Also STAINLESS STEEL BARS AND 
SHEETS (No. 1 Finish). 


*Trade mark of ARMCO STEEL CORPORATION 











PLATES ¢ PLATE PRODUCTS © HEADS «© RINGS © CIRCLES * FLANGES © FORGINGS * BARS and SHEETS (No. 1 Finish) 



















You have to move / fast 


to get the 
jump on today’s 


expanding market 


Industrial companies are spending more than 
$514 million every twenty minutes for needed 
goods and services. In spending that much 
money, they move mighty fast. But you have 
to be even faster to sell to today’s dynamic in- 
dustrial market. Especially if you want to 
thoroughly cover your customers and prospects 





among the thousands of industrial companies 
that are spending this vast sum. 
A sound, well-balanced advertising program 

















can help your sales force make an immediate 
impact on this big market—the market that 
won’t wait to be sold, because it can’t wait 
to buy. 

To keep ahead of this expanding market, put 
hard-hitting industrial advertising on the job. 











It will give you a greater return on your sales 
investment. 

















NATIONAL INDUSTRIAL ADVERTISERS 
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ASSOCIATION, INC. 


271 Madison Avenue, New York 16, N. Y. 





An organization of over 4000 members engaged in the advertising and marketing of 
industrial products, with local chapters in ALBANY, BALTIMORE, BOSTON, BUFFALO, CHI- 
CAGO, CLEVELAND, COLUMBUS, DALLAS-FoRT WoORTH, DENVER, DETROIT, HAMILTON, 
ONT., HARTFORD, HOUSTON, INDIANAPOLIS, LOS ANGELES, MILWAUKEE, MINNEAPOLIS- 
St. PAUL, MONTREAL, QUE., NEWARK, NEW YORK, PHILADELPHIA, PITTSBURGH, PORT- 
LAND, ROCHESTER, ROCKFORD, ST. Louis, SAN FRANCISCO, TORONTO, ONT., YOUNGSTOWN. 
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USE TIME-SAVING 
COUPONS BELOW 


ATTENTION NON-SUBSCRIBERS— 


Jy You Can Easily Get Your Own Copy of this 


vn Big, New 1958 Design Handbook, the 


PRODUCT DESIGN DIGEST ISSUE. 


A valuable, skillfully organized volume, packed with useful illustrations, nomo- 
grams and charts. A complete analysis of component selections . . . fatigue 
strengths of materials . . . weldability of alloys . . . frictional characteristics of 
plastics . . . causes of bearing failures—plus—hundreds of pages of additional 
design data and new techniques to improve product design. 


DETACH AND MAIL TODAY... 


the subscription order card to PRODUCT ENGINEERING 
that includes the special DIGEST ISSUE . . . and 
* 26 issues of the ‘Design Edition’ 
¢ 26 issues of the Research & Development | 














Dow't wait in line for a 
“hand -me-down” 


ACT NOW ... 


To get your personal copy of this 
“blue-ribbon™ design reference hand- 
book . . . and have within your ready 
reach — PLUS 


52 Weekly Issues of "PE" 


Ist & 3rd week 


of each month you'll get the "R & D 
Edition.” Takes you behind the scenes 
of laboratories, proving grounds, style 
centers to show what's ahead in prod- 
uct design. 


OK ... enter my subscription to the new weekly PRODUCT ENGINEERING 
for one year at $5. . . which will bring me 26 Design Editions and 26 R. & D. 
Editions, plus the new “Design Digest Issue" as regular part of service. 


C) Bill Me [] Bill Company [] Payment Enclosed 
[-] Check here if you prefer 2 years @ $8 


You'll find articles and items on new 
metals, new processes, styling changes, 
market trends. And a real look into 
the future of automation, nuclear de- 
velopments, new electronic uses. 


Wherever news is being made that NAME TITLE 
bears on design, you'll get all the 

facts, fast. ADDRESS || fome 

2nd & 4th week 

You'll get the helpful “Design Edi- CITY... ZONE STATE 
tion." Similar to the old monthly P.E., 

it will offer the regular features: 

Design Work Sheets, Mechanism COMPANY 

Spreads, Engineering Abstracts, . . . PRODUCT MFGD. 

plus practical desigr articles to help OR DESIGNED 

you use new methods, materials, fin- Foreign Ra ear Penade $6. Latin A 


ishes, components, etc., in improving 
your own designs. 


This Offer is Limited Only to New Subscribers 


19 N20 N21 N22 N23 N24 N25 N26 N27 
28 N29 N30 N31 


N19 N20 N21 N22 N23 N24 N25 N26 
N28 N29 N30 N31 
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ITY, STATE ... 


CITY, STATE 





USE COUPON ATTACHED 


Get These Reader Benefits 
for Design Engineers 


- ++ To get this new “Product Design DIGEST ISSUE for 1958"... 


Data for Selection of: gaskets for raised face flanges . . . proper 
plastic material . . . Seals for mechanical components . . . fasteners 
for quick assembly . . . electrical and electronic components . . . 
color coatings for plastics . . . nuclear reactors. 


Information for Designing: Parts to reduce waste in production . . . 
precision spur gears . . . double helical springs . . . castings to 
reduce costs . . . bolts for optimum impact strength . . . joint 
design for adhesive bonding. 


Engineering Analyses of: Fracture patterns . . . alloys for high 
temperature applications . . . magnesium plaster mold castings... 
industrial applications of ceramics . . . zero draft angle forging 
techniques . . . bending and twisting of structural parts . . . hun- 
dreds morel 


Plus many more helps . . . covering a full year of design progress 
brought to you in an easy to use, big, thumb indexed volume. A 
new Digest Issue with each year of service. 


- +.» In the 52 weekly issues of PRODUCT ENGINEERING ...2 vemamemtoaesd and “Research & Development” 


j ne covering: New 
research . . . new dudes raw Bs Ay +++ new materials and methods 
‘ advantages and disadvantages of various components, parts, 
finishes, adhesives. Data on al] kinds of mechanical devices. Prop- 
erties and characteristics of various materials. Production processes. 
. * New P s shows you a fund of new innova- 
tions ae designers have developed to improve their products. 
Detailed drawings and photos provide a valuable stimulus for ideas 
you can opel. 


+ ilas for use in predicting performance 
factors of moving parts. Highly useful data for calculating stress, 
torque, balance, fatigue, etc. in hundreds of different oo 


ENGINEER 


BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed in the United States 


4c—POSTAGE WILL BE PAID BY— 
McGRAW-HILL PUBLISHING CO., Inc 


IDUCT ENGINEERING 


with quick reading reviews of design progress 
in the site, Advance reports from engineering research labora- 
tories. Activities in professional societies. Trends in engineering 
education. Other items of interest to design engineers to keep 
abreast of what's doing in the field. 


; Charts, graphs, formulas and 
nomograms that are handy sources of data for solving all kinds of 
design problems. Permanently valuable for a reference file or to 
use as desk or wall charts. 


The Complete new 
PRODUCT ENGINEER- 
ING service—including 
(1) The Design Digest 
Issue for 1958, (2) 26 
Research and Develop- 
ment Edition, and (3) 26 
Design Editions— 


still available at the 
same low ; ‘cel 


USEATTAC ‘DCARD 
MAIL JR 
SUBSC, «1iON 

TODAY! 


FIRST CLASS 
PERMIT No. 64 
NEW YORK, N. Y. 


330 WEST 42nd STREET 
NEW YORK 36, N. Y. 


Product Engineering 
Mid-October 1957 








USE TIME- 
COUPONS BELOW 


SAVING 





. +. to request further information on 
all products advertised in this Digest Section 


. » » to request your copies of product catalogs 


and bulletins listed 



















Consult the Product Index begin- 
ming on page 15, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manufacturers of 
his type of product. 


ndvertisers appearing in this section (B) 


28-31 B32-3 B34-5 B36 B37 B38 B39 
42 B43 BT44 BBL44 BBR44 B45 B46 
R48 B49 B50 B51 8T52 BBS52 B53 


' @ = 


ircle these numbers . r your copy of 
isted in this section (B) 


1 N2 N3 N4 NS N6 N7 


ircle these numbers for further information about 


and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING's Design Digest Issue, and page num- 
ber of the advertisement prompting your letter. 


Circle these numbers for further information about 
advertisers appearing in this section (B) 
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NEW BOOKS 


Nonmetallic Materials and Finishes 





Electrodeposited Metallic Coatings. 
Paper cover, 6 x 9 in., 129 pp. Pub- 
lished by ASTM, 1916 Race St., 
Philadelphia 3, Pa. $3. 


Advances in the field of electro- 
plating have broadened the use of 
electro-deposited metals so that now 
they may be found on products for 
the home, industry, building trade and 
the military. Such extensive use makes 
this symposium especially valuable to 
both producers and consumers of elec- 
tro-deposited materials, as well as to 
the designer who initiates their use. 

Functionally, electroplating is used 
for appearance, for corrosion resistance 
and for wear resistance. While appear- 
ance and corrosion resistance have 
been treated adequately, a discussion 
of the abrasion resistance characteris- 
tics of electrodeposited metallic coat- 
ings would have made the whole pres- 
entation more complete. 

The volume is extensively illustrated 
and amply documented with compre- 
hensive tabular data. 


Development of Heat Resistant 
Paints. PB 111957, M. Kornbluth, 
Corps of Engineers, U. S. Army. 
Paper-bound, 81 x 11 in., 153 pp. 
Available from Office of Technical 
Services, Commerce Dept., Wash- 
ington 25, D. C. $4. 


This report covers: (1) the devel- 
opment of. a. lusterless, olive-drab, 
corrosion-resistant paint (for steel sur- 
faces), capable of withstanding tem- 
peratures up to 1400 F without film 
deterioration or loss. of protective 
properties, and (2) the preparation of 
a procurement specification for this 
type of paint. The paint is intended to 
reduce the accelerated oxidation and 
rapid destruction of steel components 
which, under normal conditions of 
use, are heated to high temperatures 
in oxidizing atmospheres. 

Laboratory test methods were .de- 
veloped, and commercial heat-resist- 
ant paints were evaluated. None of 
these paints was adequate, and an ex- 
tensive literature and patent survey 
showed that little work had been done 
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in this field; therefore, experimental 
investigations were initiated. Experi- 
mental studies indicated that these 
paints were adequate, and paints con- 
sisting of a blend of ceramic frits, pig- 
ments, and refractories at a pigment 
volume concentration of 35 to 40 per 
cent, with a frit to pigment and refrac- 
tory ratio of 3:1, were superior to 
commercial paints pigmented with 
metallic powders. Paint characteristics 
can be varied by adding zinc dust and 
/or mica, and by variation of the com- 
position and ratios of frits. 


Theory and Practice of Lubrication 
for Engineers by Dudley D. Fuller. 
6 x 9 in., 432 pp. Published by Jobn 
Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. $10.50. 


Once the principles of friction lu- 
brication are thoroughly understood, 
they can be used time and time again, 
to meet the whole spectrum of practi- 
cal lubrication problems. In this work, 
basic concepts are organized in the 
manner the author has found most 
practical in his teaching experience. 

Hydrodynamic and hydrostatic theo- 
ries have been developed from simple 
and readily understood principles. 
Every effort has been made to main- 
tain clear physical concepts in the vari- 
ous derivations. As a consequence, the 
simplest mathematical methods have 
been employed in preference to those 
which may be more elegant but less 
obvious. In a few instances, for ex- 
ample, the direct mathematical solu- 
tion of differential equations has been 
replaced by numerical and graphical 
methods with no significant loss of 
accuracy. Emphasis is also given to the 
restrictive assumptions upon which 
the hydrodynamic and hydrostatic the- 
ories are based. For example, hydro- 
dynamic analysis predicts that the 
load-carrying capacity of a bearing in- 
creases as the film gets thinner, rising 
to infinity as the film thickness ap- 
proaches zero. In a real bearing, of 
course, carried to such limits, this be- 
comes entirely unrealistic. The elastic 
and thermal distortions of the bearing 
and journal, the effects of misalign- 


ment, surface finish and lubricant con- 
tamination establish clearly defined 
limits as to how far the theoretical 
analysis may be carried. 

Heat generation through shearing 
of the lubricant also imposes absolute 
restrictions on the performance that 
may be reasonably expected from any 
type of bearing. 

In the past, concept 
of hydrodynamic lubrication has been 
limited to that of the converging geo- 
metric wedge as found in the tilting- 
pad bearing, and in the plain, clear- 
ance journal bearing. This is indeed 
unnecessary and highly undesirable 
restriction of the use of this theory. 
In this book, hydrodynamic action has 
been generalized and applied to many 
different geometries. As a matter of 
fact, hydrodynamic action is a per- 
fectly natural phenomenon and is fre- 
quently found wherever fluids and 
solid surfaces have some kind of rela- 
tive motion. A number of very serious 
problems have actually arisen in indus- 
try owing to the extreme difficulty in 
suppressing this normal establishment 
of a hydrodynamic film, when its ef- 
fects were detrimental. 

After presenting a solid foundation 
in the theory of lubrication, the author 
applies principles of a wide range of 
lubrication problems. Numerous ex- 
amples are worked out. Many bearing 
designs are given for machine tools, 
turbines, motors, mills and others. 


the classical 


Engineering Uses of Rubber. Edited 
by A. T. McPherson, Bureau of 
Standards and A. Klemin, Consult- 
ing Engineer. 914 x 614 in., 490 pp. 
Published by Reinhold Publishing 
Corp., 430 Park Ave., New York 
22, N. Y. $12.50. 


The book covers four major areas 
of interest to the designer: manufac- 
ture of rubber goods, properties and 
behavior of rubber, applications, and 
means of obtaining rubber products. 
There is a chapter on “Specification 
and Inspection of Rubber Products.” 

A final chapter discusses the rela- 
tionship between rubber and the many 
new flexible polymers being developed. 
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Fig. 1—UNIFORM ATTACK is a general wasting away of the 
surface. Caused by metals in contact with acids or other 
solutions. Also caused by high temperature oxidation in a 
relatively dry atmosphere. Corrosion product may form a 
protective layer on metal, slowing down corrosion. Under 
direct chemical attack, the corroded metal easily dissolves 
in the corrosive metal. The corrosion product acts as the 
cathode; the pit in the metal acts as the anode. 


Pit (anode) 


Corrosion 
product 
(cathode/ 


Meta/ — “a Corrosion current — 

Fig. 2—PITTING CORROSION occurs when protective films 
or layers break down. An anode is formed at the film break; 
the unknown film or the corrosion product acting as the 
cathode. In effect, a closed electrical circuit is formed. Corro- 
sion pits concentrate over a small area, thus taking a heavy 
toll in machinery and equipment. Pits also act as starting points 
for stress concentrations and can cause major problems when 


they line up in rows that may cause a major break. 
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Organic coatings, metallic coat- 
ings and viterous barriers to 
protect engineering metals from 
corrosive attack. Common type 
corrosive attack. Common types 


of corrosion. 


Although many metals are corro- 
sion-resistant, when coupled with an- 
other metal or used in a particular 
atmosphere they may corrode. Corro- 
sive atmospheres include: water; chem- 
ical; high or low temperature; high or 
low oxygen concentration; or a com- 
bination of atmosphere and _ stress. 
Figs 1 through 10 indicate some of the 
forms corrosion may take. 

To protect against corrosion, inert 
barriers are applied between the metal 
and alloy and the corrosive atmos- 
phere. These barriers include: organic; 
metallic, vitreous and wood materials 
in the form of linings, mastics or coat- 
ings. Coatings are films 5 to 20 mils 
thick; linings are 50 mils and thicker; 
and mastics fall in a range between the 
coating and lining thicknesses. 
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ORGANIC BARRIERS 


Barriers made from synthetic as 
well as natural resins are available in 
a wide variety of types. They may be 
classified—according to performance, 
characteristic or property—as elasto- 
mers, thermoplastic, and thermoset- 
ting materials or barriers. 


Elastomers are made from both natu- 
ral and synthetic resins and include the 
rubber barriers—natural rubber, neo- 
prene, butadiene-styrene rubber, butyl 
rubber and nitrile rubber. They are 
used for lining equipment designed for 
highly corrosive conditions and also as 
coatings. Resilience of the rubber bar- 
riers make them a good choice where 
abrasion and impact may be met. 
Neoprene-based coatings are resist- 
ant to non-oxidizing acids, salts and 
alkalies up to 150 F. Where it is diffi- 
cult to get full protection with a lining 
material on a intricate shape, neoprene 
or natural rubber should be used. 
One problem: most of the common 
elastomer barriers do not adhere di- 
rectly to metal. They are usually ap- 
plied over a chlorinated-rubber primer. 


Thermoplastic films—vinyls, polyeth- 
ylene, vinylidene chloride, saturated 


tecting metals with 


oils, waxes, bitumens—require no fur- 
ther curing after they are applied, but 
they will soften at elevated tempera- 
tures losing their protective quality. 


Vinyi material compositions vary sub- 
stantially, depending on where and 
how they are used. Vinyls, when used 
according to manufacturers’ specifica- 
tions, yield a general purpose coating 
that has excellent resistance to oxidiz- 
ing materials. 

A tough, resilient barrier, that may 
be used as a liquid to form thin films 
or as sheets that can be cemented to 
metal surfaces, is polyvinyl chloride. 
PVC tape is excellent for the protec- 
tion of underground pipelines. 

A relatively new vinyl is a high- 
solids aluminum coating. Aluminum is 
present in finely divided particles. In 
coating form it protects tanks, coils 
against the action of oils and mildly 
corrosive liquids and chemicals. 


Polyethylene has excellent resistance 
to oxidizing agents. It is versatile and 
low in cost compared to other films. 


Polyfluoroethylene, one of the newer 
materials, features outstanding chemi- 
cal resistance to most corrosives up to 
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fugh temperature oxygen 


Spalied 
oxide scale 


Fig. 3—HIGH TEMPERATURE CORROSION causes an 
oxide scale that forms a corrosion cell. To predict the 
effect data are required on: (1) metal composition; (2) 
atmosphere composition; (3) temperature; and (4) exposure 
time. Most of the light metals (lighter than the oxide formed) 
develop a nonprotective oxide layer that gets thicker by 
forming, spalling and reforming. Other forms of corrosion 


7 —Corrosion current 


__ Low oxygen 
concentration 


High oxygea 
concentration 


Fig. 4—CONCENTRATION CELLS are present in crevices. 
It sets up differences in solution concentration. Crevice hinders 
the diffusion of oxygen. Result is a high and low oxygen area 
that cause concentration cell. Low oxygen area is anodic. 
Metal-ion concentration cells attempt to balance out concen- 
tration differences. When the solution over a metal contains 
more metal-ions at one point than another, metal goes into 
solution where ion concentration is low. 


include sulfidation, carburization and decarburization. 





inert barriers 


about 500 F. It is relatively tough to 
apply compared to other barriers. 


Vinylidene chloride is a highly corro- 
sion-resistant barrier. Its most impor- 
tant application is the lining of piping 
and tanks where corrosives are present. 


Bitumens—either coal tar or asphalt 
base—are used for coating under- 
ground pipes. To reinforce these bar- 
riers against soil stresses, cloth, jute, 
burlap, glass-fiber tapes and other ma- 
terials are wrapped between coating 
layers of the bitumen barrier. 


Thermosetting barriers often need fur- 
ther processing—baking for example 
-—-after they are applied to develop 
their full properties. Thermosetting 
films are tough, rigid and resistant to 
high temperatures. 


Alkyds have excellent durability under 
a wide range of exposure conditions. 
They are often blended with other 
resins to get special protective proper- 
ties, such as oil-modified alkyds which 
are quick-drying coatings that produce 
a good general purpose industrial 
finish for most plant applications. 
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Phenolics are of two general types: 
(1) baked; and (2) air dried. Baked 
types are heated to about 350 F after 
application. Phenolics can be used to 
350 F, except where oxidizing agents 
are present. Tanks and vessels pro- 
tected by a baked coating can be steam 
cleaned between fillings. 


Epoxy resins are similar to the phe- 
nolics and are used for similar appli- 
cations. Major advantages are: greater 
range of corrosion resistance; excellent 
flexibility; and excellent bonding prop- 
erties to most metals and alloys. 


Oleo-resinous materials are formulated 
from natural rather than synthetic ma- 
terials. Oil base paints are the most 
important material. Corrosion-inhibi- 
tor pigments such as red lead, white 
lead, zinc chromate, iron oxides, zinc 
oxides and aluminum powder are used 
to fortify many of the oleo-resinous 
paints for protective uses. 


Silicones are excellent for high tem- 
perature protection. Silicone varnishes 
have been pigmented with aluminum 
powder to protect steel surfaces at 
temperatures to 1000 F. Combining 


1957 


silicones with alkyd, phenolic, amine 
resins yield a finish that is less brittle, 
more adhesive to steel but the material 
has a lower heat resistance than the 
straight silicone barriers. 


METALLIC COATINGS 

A wide variety of metal coatings are 
available commercially. These coatings 
offer an inexpensive means of obtain- 
ing corrosion protection that can usu- 
ally be obtained only from expensive, 
hard-to-get Zinc, nickel, 
chrome, tin, cadmium, lead, and alu 
minum are the common types that are 
used mainly because of their anti- 
corrosion properties 


metals. 


Zinc coats on steel serve a dual func 
tion: (1) they keep steel from rusting 
by preventing contact with corrosive 
atmosphere; and (2) zinc protects the 
base metal by cathodic protection. 
Coating is applied by: hot-dip gal- 
vanizing; electroplating; spraying (met- 
allizing); cementaiton (sherardizing); 
and vapor condensation. Any of the 
methods will allow a controllable thin 
coat of zinc to be applied to steel at 
low cost. Zinc is rarely used at tem- 


peratures above 450 F and any 
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Fig. S—INTEGRANULAR CORROSION is selective attack along the 
grain boundaries of the metal. It is usually an intercrystalline crack. 
In some austentic stainless steels, chromium carbides may precipitate at 
grain boundaries when cooling from welding temperatures. Corrosion is 


free to attack chrome-starved areas. 


Fig. 6>—STRESS CORROSION CRACKING may be caused 


corrosive atmosphere. Tensile 


stresses build up at metal surfaces under static loading. 
Corrosive action concentrates stresses, causing metal yjeld- 
ing. Result is a local failure. Under continued exposure, 
metal alternately corrodes, builds up high stress concen- 


fail. 


\__ Fotique 
cracks 





Fig. 7—CORROSION FATIGUE is similar to stress corro- 
sion cracking except that aplic loads instead of static loads 
team up with corrosion to cause failure. Metal failure occurs 
below the fatigue limit for non-corrosive conditions. The sum 
of the combined deteriorating effect—corrosion and fatigue— 
is greater than the sum of the individual damages. 


Stress-corrosion 
cracks --—- 











strongly acid or alkali condition will 
cut its life expectancy substantially. 


Nickel and chromium are used where 
a material lustre is required as well as 
corrosion protection. Protection from 
these coatings varies with thickness, 
base metals, and type of corrosive at- 
mosphere. 0.5 mil thickness in a mild 
atmosphere is roughly equivalent to 
2.0 mils in industrial areas. A 1.2 mil 
on steel is about equal to 1.0 mil on 
zine and 0.4 mil on brass. 

Coatings will tend to be porous if 
less than 1.0 mil since intermittent ex- 
posure of the base metal will exist. 
When a corrosive atmosphere attacks 
the metal, porosity increases, making 
the base metal susceptible to corrosion. 

Copper undercoating can reduce 
plating cost, however, it does not offer 
the same protection as an equal thick- 
ness of nickel. Nickel-clad steel, with 
a coating thickness of 0.006 to 0.020 
in., shows many of the same properties 
as solid nickel and of a substantially 
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reduced cost. Chrome coatings usually 
have a nickel undercoat to improve 
corrosion resistance and reduce cost. 


Tin, hot-dipped on steel sheets is an 
important corrosion resistant coating. 
The usual hot-dip process yields coats 
that are 0.5 to 1.0 mil thick. Electro- 
lytic techniques can produce a coating 
as thin as 0.015 mil. Rusting, however, 
can start as tiny coating breaks (pin- 
holes) and spread. Hence, for indus- 
trial applications a coating thickness 
of 2 to 5 mils is recommended. 


Cadmium, similar to zinc, performs a 
dual function of acting as a barrier 
and supplying cathodic protection. 
Sulfur dioxide and trioxide in the 
atmosphere severely corrode cadmium 
plating. Ammonia fumes and hydro- 
gen sulfide can also break down cad- 
mium—especially where a high humid- 
ity is encountered. 


Leads major advantage over other in- 


expensive coatings for above ground 
corrosion problems is its resistance to 
a variety of acids and brines. It is also 
used to line process tanks, piping, 
pumps and other equipment. 

The ability of lead to resist soil cor- 
rosion depends largely on minimizing 
porosity. Thick lead sheaths show 
good resistance in a variety of soils 
that attack thin coatings. 


Aluminum coatings are a_ barrier 
against corrosion by forming highly 
resistant oxide films on the metal sur- 
face. Once the film is established oxi- 
dation tapers off rapidly and the film 
breaks are self-healing. These coatings 
are used to protect ferrous metals ai 
relatively high temperatures. 

Aluminum cladding produces a cor- 
rosion-resistant barrier that always is 
anodic, thus, even exposed points get 
cathodic protection. 


Anodic coatings. Neither metallic or 
paint, these coatings are fairly new. 
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Fig. 8—SELECTIVE ATTACK is where one element of a 
metal or alloy is singled out for corrosive attack. Common 
types are dezincification and graphitic corrosion. A copper-zinc 
alloy containing less than 85 per cert copper will lose zinc 
under prolonged wetting conditions. Cast iron can act in 
this way. In some corrosives, iron corrodes out, leaving nothing 
more than a porous graphite residue that crumbles. 


Fig. 9—IMPINGEMENT ATTACK is caused by liquids. The 
net effect is impingement corrosion and covitation corrosion. 
On impinging water stream breaks through corrosion scale, 
dissolving the metal. Effect depends on the liquid speed. 
Cavitation depends on the hammer-like effect produced by 
collapsing air bubbles. Bubbles break down in passing from 
a low-pressure to a high-pressure area. 


tration-cell corrosion. 


Fig. 10—FRETTING CORROSION is caused by high- 
frequency vibrations usually between tight fitting parts such 
as a bearing and shaft. Vibration produces slippage between 
these surfaces and if a stress concentration occurs, local 
attack may start fatigue cracks. An explanation for fretting 
is that: slippage shears away the surface protective films, 
laying bare the undersurface to galvanic attack and concen- 








Most important and widely used of 
this type is the oxide film that forms 
on aluminum wheu it is treated elec- 
trochemically. Although the oxide film 
that results is much like the natural 
oxide film normally found on alumi- 
num, the anodic coating is thicker, 
giving more corrosion protection. 

One of the chief uses for these coat- 
ings is providing a base for paints and 
lacquers. 

Anodic coatings on magnesium and 
zinc offer less protection than those 
on aluminum and its alloys. 


VITREOUS BARRIERS 

Porcelain enamels and ceramic coat- 
ings form a group of high temperature 
inert barriers. Porcelain enamels pro- 
tect equipment from attack at temper- 
atures to 1000 F; ceramic coatings are 
used for protection up to 2000 F. Por- 
celain enamels are sometimes called 
glass linings. These coatings can be in- 
strumental in giving added life to ex- 
pensive metals, or in using lower cost 
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metals for critical materials. 


Porcelain enamels will protect against 
the corrosive effects of practically all 
acids except those that dissolve sili- 
cates. These barriers are widely used 
to line heat exchangers, storage tanks, 
pumps and other industrial service 
equipment. 

Coating is applied to the metal as a 
slurry by dip or spray. For castings, a 
dry process is used which applies the 
coating as a powder. In both processes 
the metal to be covered must be free 
of any service defects. 

After the barrier is applied, it is 
fired at temperatures as high as 1650 F 
for several minutes or more. The exact 
temperature time depends on the bar- 
rier used, metal thickness, and where 
it is used. Each barrier layer must be 
separately fired. 

Life of the barrier is dependent on 
choosing the right coating and avoid- 
ing mechanical injury, such as chip- 
ping. 
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The bond that forms between the 
lining and the steel depends 
largely on combined mechanical-chem- 
ical action, but experts differ on the 
mechanism that causes the coating to 
adhere to the base metal. 


glass 


Ceramic coatings protect the high- 
temperature alloys from high-temper- 
ature oxidation. Upper limits of these 
coatings are beyond 2000 F in the gas 
turbine field. In addition to corrosion 
resistance, ceramic coatings can absorb 
thermal shock, resist chipping, crack- 
ing, blistering and erosion by high 
velocity hot gasses. To develop the 
best properties many of these coatings 
must be extremely thin—a few thou- 
sandths of an inch or less. Thickness, 
therefore, is highly critical for the 
ceramic coatings. 


REFERENCE: 
Corrosion, a 36 page special report 
published in Power magazine, December, 


1956, pg 73-108. 
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From: Paper presented at ASME Metropolitan Section Meeting 


Oil and grease lubrication 


C. R. GILLETTE, chief chemist, New Departure, Div. General Motors Corp. 


On s and greases are widely used for all types of antifric- 
tion bearings. Based on lubrication only, grease is no more 
effective as a lubricant than oil. Grease research has been 
directed towards developing products which wil! provide 
lubrication comparable to that obtained with oil systems. 

The choice of a lubricant may be summarized as follows. 
Oil is necessary or desirable when: 

(1) Speeds are extremely high. 

(2) Operating temperatures are consistently high. 

(3) Dirt conditions are not excessive and oiltight seals 
can be readily used. 

(4) Centralized oil system used for other machine parts 
also lubricate the bearings. 

Grease is generally used when: 

(1) Temperatures are not excessive. 

(2) Speeds are moderate. 

(3) Protection is required from dirt, fumes, or other 
contaminants present in abnormal amounts. 

(4) Elimination of elaborate bearing enclosures is de- 
sired. 

(5) Extended operation without bearing attention is 
essential. 

Normally, the pressure between the balls and the sepa- 
rator is light in an antifriction bearing, hence the lubrica- 
tion requirements are much less critical than with plain 
bearings at equivalent loads and speeds. As a result, ball 
bearings may be lubricated with a minimum number of 
grades of oil. 

From a lubrication standpoint almost any viscosity oil 
from a cylinder stock to a light spindle oil will permit the 
bearing to attain its full rated life. If power consumption, 
or operating temperatures are serious considerations, such 
a general recommendation would not result in maximum 
efficiency unless the oil is selected for condition. 


OL VISCOSITY FOR BALL BEARINGS 
To give more specific recommendations, the nomograph, 
Fig. 1, indicates the viscosity of oil most suitable for 
different size bearings running at various speeds and oper- 
ating conditions. Size and speed are combined to form a 
speed factor. This is the bearing bore diameter in milli- 
meters multiplied by the rpm. Determination of the speed 
factor permits reading horizontally to the diagonal line, 
and then vertically to the horizontal line representing the 
operating temperature. Recommended oil viscosity is read 

directly from the nomograph as shown below. 


Example: To determine the proper oil for a 20 mm bore 
bearing at 10,000 rpm and 160 F: 
Speed factor == bore dia x rpm 
== 20 x 10,000 
== 200,000 


Co 


Reading across from 200,000 to the diagonal line and then 
down to the 160 F line, it will be found that an oil having 
a Saybolt viscosity of 250 seconds at 100 F is recom- 
mended for the bearing in this example. 


Recommendations apply primarily to applications where 
the operating temperatures are fairly uniform. Where wide 
variations in operating temperatures exist, a compromise 
is required. Usually, an oil is selected that has a pour point 
lower than the minimum operating temperature and the 
highest viscosity that can be tolerated at the low tempera- 
ture. Then, the oil would approach the proper viscosity 
when the temperature is raised to the maximum value. 
Under such conditions, oils having a high viscosity index 
would be preferred to one having a low index. 


OIL VISCOSITY FOR ROLLER BEARINGS 

In general, oiis of somewhat higher viscosity are recom- 
mended for roller bearing lubrication than for ball bear- 
ings. Indications of the viscosity requirements are shown 
in Table I for roller bearings. 

The lower end of the indicated viscosity range is ap- 
plicable for the lower temperature and high speed applica- 
tions, while the high end would apply to the higher 
temperatures and to low or medium speeds. 

For heavy-duty applications, where bearings are ex- 
posed to high temperatures, or where high temperatures 
are developed because of heavy loads, heavier oils are 
selected to insure positive lubrication for the separator 
and the sliding motion which occurs between the rollers 
and the end plates or race flanges. The viscosity range for 
such applications will vary from about 50-175 seconds at 
210 Fahrenheit. 

For heavy-duty and high-temperature applications, va- 
porization of the oil is a factor. Therefore, products which 
have been wholly distilled between narrow boiling ranges 
are usually recommended. A blend of light and heavy oil 
combined to produce an equivalent viscosity would tend to 
vaporize excessively at clevated temperatures, because of 
evaporation of the light ends, and the result would be 
thickening of the remainder of the lubricating oil 


Table I—Oil Viscosity for Roller Bearings 





Temperature | Oil Viscosity 
Below 32 F 75-400 seconds at 400 F 
32-100 F | 100-700 seconds at 100 F 
100-200 F | 60— 90 seconds at 210 F 


Above 200 F. | 90-175 seconds at 210 F 
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Fig. 1—Chart indicates the viscosity of oil suitable for 
different size bearings running at various speeds and operating 
temperatures. Oil viscosity values are given at 100 F. 


Fig. 2—Comparison of various greases with respect to operating 
temperatures at speeds to 10,000 rpm on the inner race. 
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HIGH SPEED GREASES 

For lubrication of bearings at high speeds, the grease 
must have the necessary properties to keep the temperature 
rise to a minimum. This requirement involves such proper- 
ties as low torque, low resistance to shear, channeling, and 
low fluid friction. The best results appear to be accom- 
plished with channeling type greases. These greases must 
have the additional property of releasing sufficient oil over 
the period of its life to supply continuous lubrication 

Differences obtained with different greases with respec 
to operating temperature at high speed are shown in Fig. 2 
Curve A is a sodium soap petroleum oil grease with out 
standing high speed properties. Curves B and C are also 
sodium soap petroleum oil greases but have higher tem- 
perature rises than type A. Curve D is a lithium soap petro- 
leum oil grease recommended for general purpose use 
Curve E is a lithium soap diester grease developed to meet 
MIL-G-3278. Curve F, a sodium soap petroleum oil grease, 
shows the extreme temperature rise that can be obtained 
F and C greases meet MIL-L-3545 but show a marked dif- 
ference in their performance at high speed 

The preferred grade or consistency of the grease varies 
with different types of antifriction bearings. Ball bearings 
are not as critical, in some respects, as other types and 
satisfactory lubrication may be obtained with greases hav- 
ing worked penetrations of 200-300. The stiffer 200 con- 
sistency greases are frequently selected in factory prelubri- 
cated and hand-packed bearings, but are rather stiff for 
most shop greasing equipment. For such applications 
greases having a consistency of about 260-280 are used 

The 260-280 or softer consistency greases are recom- 
mended for roller bearings because they give more positive 
lubrication. The softer consistency greases are used for 
needle bearings, but it is necessary that they have good 
resistance to mechanical break-down to resist the severe 
milling which is more pronounced in this type of bearing 

For conditions of moderate load, speed and temperature, 
the type of grease is not particularly critical. While calcium 
soap cut greases are not generally recommended, they may 
be and frequently are used. However, the general purpose 
anhydrous calcium soap, lithium soap, sodium soap, as 
well as mixed sodium and calcium soap greases are con- 
sidered preferable. Grease of this type, if properly applied 
and continually renewed should permit the bearing to 
attain full rated life. 


REFERENCE 

Antifriction Bearings and Their Lubrication by C. R. Gillette, 
Chief Chemists, New Departure, Division General Motors 
Corp. Presented at an ASME Metropolitan Section Machine 
Design Division Meeting, March 1957. 
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From: Felters Co. Design Book 


Applications 
and treatments for felts 


Fevr is a fabric built up by the inter- 
locking of fibers by a suitable combi- 
nation of mechanical work, chemical 
action, moisture and heat, without 
spinning, weaving or knitting. It may 
consist of one or more classes of fibers: 
wool, reprocessed wool, and/or reused 


Sizing or Stiffening Treatments. Used 
when stiffness is required for better 
handling of cut parts in assembly, for 
support of a cut part with a thin wall, 
for clean cutting without fuzzy edges 
and for preventing distortion of parts 
before installation. Chiefly applied to 


felt materials that are not firmly felted. 


Water Repellent Treatment. The felt is 
impregnated with a_ water-resistant, 
flexible, non-leeching 
material, which sheds but does not 
render the felt impervious to water. 


non-corrosive, 


wool, with or without a mixture of 
animal, vegetable and synthetic fibers. 

Felt can be used as a friction, cush- 
ioning, filtering, insulating, sealing, 
spacing and wicking material. It can 
be made highly resilient with a pre- 
dictable permanent set that is not ad- 
versely affected by age, water, oil, 
gasoline or acid in normal concentra- 
tions. Felt has withstood over 30 days 
at 250 F of dry heat without materially 
weakening its structure. It can be used 
to control both thrust and pressure 
vibrations. Table I lists these and other 
uses for the various grades of felt com- 
mercially available. 

Material can be die-cut, skived, 
punched, chiseled, turned, scrafed, 
ground or otherwise processed by sim- 
ple and common methods without 
raveling, shredding or fraying. Special 
treatments further extend the applica- 
tions of the grades of felt. 





SEALING APPLICATIONS 
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Lubrication seal for bearings — 
Compressible for tight fit, grease 
absorbent for low friction, hard, 
tough, fibrous structure for long 
life and good wearing properties. 


Grit and mud seals for tractor 
bearings—Resilient for adjustable 
fit, easily formed to fit irregular 
housings, waterproofed to exclude 
mud and similar contaminants. 


HEAT INSULATION AND SOUND ABSORPTION APPLICATIONS 
SPECIAL TREATMENT OF FELT 

Special properties may be added to 
the material during manufacture. Care 
must be taken that in treating the felt 
other desirable properties inherent in 
the material are not upset. For exam- 
ple, heavy waterproofing can reduce 
the resiliency or sizing can decrease 
the flexibility of the material. 
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Bioneers 
Absorptive Treatment. Used in felts ues 
for stamp pads, ink rollers, tape mois- 
teners and similar equipment. The 
compound applied to the felt causes a 
reduction of the surface tension of 
liquids, but does not affect the felt 
otherwise. It will not retain its wetting 


out qualities for an indefinite period. 


Acoustical and thermal insulation 
— Effective insulation properties, 
easily applied material for lining 
aircraft cabins, and test rooms. 


Linings for machines—Sound and 
vibration absorbent, easily applied 
lining for typewriters, compto- 
meters, and other machines. 
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NONMETALLIC MATERIALS AND FINISHES 


C) 





or light oil, 


lower quality is satisfactory. 


shields, 





SAE F-1 is suitable for oil retention in installations 
where felt is not compressed, for feeding low viscosity 
and where unusual strength and hardness 
are required. Washers, bushings, wicks, door bumpers, 
polishing blocks and parts where wear and resistance to 
abrasion are required are typical uses. 

SAE F-2 and F-3 are recommended for the same 
general purposes as SAE F-1 and where a felt of slightly 


SAE F-5, F-6 and F-7 are recommended for dust 
wipers, grease retainer washers, 
uses where a resilient felt is required. 

SAE F-10, F-11 and F-12 are recommended for grease 
and oil retention where the felt is confined and com- 
pressed in assembly. They are also recommended for 
dust shields under less severe operating conditions where 
F-5, F-6 and F-7 are not required. 


Table I—Recommended Uses for SAE Types of Felt 


SAE F-13 and F-15 are recommended for sound dead 
ening, chassis strips, 
dash liners and for mechanical purposes where abrasion 
and wear are not important factors. 

SAE F-26 is suitable for packing or padding when 


spacers, dust shields, pedal pads, 


held in place between other materials. This grade should 


not be used for mechanical purposes. 
SAE F-50 is recommended for ball and roller bearing 


oil retained washers and small dust excluding washers 


wicks and in 


Also for mechanical purposes where an accurate, thin, 
smooth high-grade felt is required. 


SAE F-51 is recommended for the same general uses 


as F-50 but in installations where tolerances and length 
of life are not as important. 
cut parts. gaskets and liners. 

SAE F-55 is recommended for anti-squeak strips and 


Also recommended for thin 


for lining when cemented to fiber or metal panels. 














Sealing against air-borne dust — 
Resilient packing strip to prevent 
infiltration of dust around glass, in- 
serts in instrument cases and similar 
applications and installations. 


WICKING APPLICATIONS 


\ mS 




















Bearing lubrication—Capillary ac- 
tion conducts grease or oil to bear- 
ing surface, resistant to wear and 
deterioration from grease. 


SHOCK ABSORPTION 








Padding for Hammer Blows—Re- 
silient, tough, firmly felted mate- 
rial to withstand repeated blows 
for applications such as lever im- 
pact and power presses. 


FILTERING 











Filtering of fluids — The fibrous 
structure, controlled density and 
resistance to oils, weak acids, and 
other fluids make felt an ideal 
filtering medium for various uses. 


VIBRATION ISOLATION 
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Impact vibration isolation — Pre- 
dictable, permanent set, non-dete- 
rioration with age, oil, grease and 
water. High damping capacity. 

















Complex vibration isolation—High 
resiliency, low permanent set, 
cement-bonded to machine and 
floor for all types of machinery. 
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Table I1l—Friction Coefficient of Felt 





Coefficient of 
Sliding Friction 


Felt against smooth wood : 0.42 
Felt against glass 0.29 
Felt against smooth metal 0.24 
Felt against oiled metal * 





* SAE No. 80 Oil 


Table 11l—Deformation and Recovery of Felt 





Recovery (per 
cent of original 
thickness 


Deformation 
Under Load, 
per cent 


SAE—F-3 42.2 81.0 
SAE—F-10 46.2 69.0 
SAE—F-15 48.6 64.6 





Table TV—Absorption Values for Felt 





Absorption 


Quality Coefficients* 


SAE—F-10 0.50 
SAE—F-15 0.41 
SAE—F-26 0.42 
SAE—F-26 4 0.61 


Thickness, in 





* At 512 cycles per second 


Treated felt is used for weatherstripping, cowl stripping, 
and as gasketing for box closures. It is not affected by sun- 
light and does not oxidize or become brittle. Optimum 
results are obtained when the firmer felts are treated. 
Flameproof Treatments. Prevents felt from supporting 
combustion. Usually used on cotton, rayon and kapok felts, 
especially those used in aviation. Wool fiber is relatively 
slow-burning inherently and rarely needs flameproofing 
treatment. Treatment does not increase resistance to de- 
terioration by dry heat. 

Mildewproof Treatment. An impregnation treatment that 
adequately protects felt from mildewing in moist, warm or 
wet places. It is sometimes recommended for felts specified 
to contain sizing, or that are exposed to bacteria or fungi 
growth. Used for air conditioning felts, silk conditioning 
pads and similar applications. 


APPLICATIONS OF FELT 


Friction material. Coefficients of sliding friction for felt 
against various materials is shown in Table II. Coefficient 
varies only slightly between various densities of felt. If an 
oil is used as a lubricant between the surfaces, the coeffi- 
cient is affected more by the viscosity of the oil used than 
by the density of the felt. 

The material has been used for: holding and dragging, 
pulling strip metal through cleaning and drying operation 
in brass rolling mills; rubbing and wiping, distributing pig- 
ment in the manufacture of carbon paper, and wiping dirt, 
moisture, oil, coolants and chips from machine tools; grind- 
ing and polishing, bright finished steel articles, glass, gems, 
and others; and brakes, in tensioning devices for feeding 
materials through a series of machine rollers. 


Ci0 


Cushioning material. Because of its lasting resiliency under 
a wide range of loadings, felt is used as a backing and vibra- 
tion isolation material, as a padding, for gaskets, and vari- 
ous miscellaneous applications such as seat pads. 

The resiliency of felt is shown in Table III for several 
consistencies, 42 in. thick. Samples were loaded to 1000 
psi and thickness determined after 1 minute under load, 
and recovery after the load was removed. 

Filtering material. The fibrous construction of felt gives it 
high capillary values which may be varied by controlling 
the density and grade of the material. 

In liquid systems, felt is used to remove dust, dirt and 
solid particles from cellulose products manufacture, food 
processing, plating solutions, and from alcohol, gasoline, 
and lubricating oils. 

In air systems, felt is used as dust respirators for various 
plant operations and in air filters to remove moisture from 
compressed air lines in manufacturing plants. 

Insulating material. Felt is used as an insulation against 
sound and heat for aircraft, air conditioning systems, cold- 
line piping, and similar applications. 

Absorption coefficients for several felts are shown in 
Table IV. Tests were made at 512 cps. Absorption coeffi- 
cients for the same material will be different for different 
frequencies. 

Felt is unchanged by increased temperatures up to 212 F, 

when the wool loses its hygroscopic moisture and becomes 
harsh to the touch. When cooled, it resumes its natural feel. 
Properties are the same at minus 60 F as at normal room 
temperature; at minus 80 F its properties are slightly 
changed. 
Sealing material. Seals or closures have two basic functions: 
(1) to prevent the escape of oil and grease; and (2) to pre- 
vent the entrance of foreign matter. They sometimes have 
the additional function of providing lubrication for the seal- 
shaft surface by means of oil in the felt. 

Most seals because of their positive pressure against the 
shaft cause friction and a power loss. Also, scoring of the 
shaft and destruction of the seal is possible. Felt seals, be- 
cause of their natural resiliency, provide close contact with- 
out excessive pressure. 

Normal temperatures met in a bearing neither break 
down the fibers or make them brittle. Felt can be obtained 
in several densities permitting a wide range of lubricant 
viscosities and shaft speeds. 

Felt seals are used in ball and roller bearings, fan mount- 

ings for high and low speeds, industrial wheel mountings 
and transmission appliances. 
Wicking material. The fibrous construction of felt makes it 
adaptable for lubrication, feeding and absorbing applica- 
tions. Amount of flow can be varied by controlling density 
of the felt and the grade of fiber used. 

Lubrication applications include electric motors, ball 
bearings, plug inserts in helical valve springs and to pre- 
vent corrosion in aircraft engine lubricating systems. Feed- 
ing includes inking pads and rollers, thread rollers, dis- 
tributing liquid pigment in the manufacture of carbon 
paper, and lamp wicks. 

Absorbing includes blotters for stencilling designs on 
plush; silk screen printing, and similar applications. 
REFERENCE: 


Design Book. Published by the Felters Company, 210 South 
Street, Boston 11, Massachusetts. 
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Fig. 1 — Typical stress-strain curve for Zytel 101. Material 
has been conditioned to 73 F and 50 per cent R.H. 


Fig. 2 — Ultimate tensile strength vs environment for Zytel 
101. Material will absorb up to 2.5 wt per cent moisture at 
73 F and 50 per cent R.H. and when submerged in water, 
up to 8.5 wt per cent moisture. 


Designing With Nylon 


W. C. WARRINER e A. J. CHENEY, Polychemical Department 


Engineering properties of nylon 


resin. Stress-strain, environmen- 


tal factors, modulus of elasticity 


of the material. Examples of 


gear and bearing design. 


N yion has a properties 
that are proving useful in many design 
applications. In the food and textile 
industries, where oil 
cannot be tolerated, nylon is used for 
gears and bearings. Nylon cams, gears, 
bearings, 
arms are being used in many business 
machines and home appliances to ob- 
tain quieter running with virtually no 
lubrication. The 
properties and impact resistance of the 


variety of 


contamination 


connecting rods and rocker 


excellent electrical 
material is reducing costs in the manu- 
facture 
nents. 
and salt water 
tions for items exposed to the sea 
The material permits a freedom 
from many of the conventional meth- 
for the fabrication and 
Intricate parts 


and assembly of many compo- 
Chemical fresh 
offer unusual applica- 


resistance to 


ods necessary 
machining of metals. 
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can be produced at low cost and in 
large volume that require little or no 
machining to obtain the finished shape 

There are, however, 
designing with an organic 
such as nylon, and a metal. 


differences in 
material 
In many 
applications, these differences must be 
and the design 
varied to meet the material properties. 


considered analysis 


ENGINEERING PROPERTIES 

As a material, 
light having a lower specific gravity 
than any of the casting alloys; it has 
excellent wear and abrasion properties, 
impact resistance, 


nylon is extremely 


and chemical re- 
sistance. 

Wear and abrasion. Material can be 
readily machined with tools similar to 
Ball mill 
tumbling tests indicate a weight 
than 1/10 that of hard 
cast aluminum or mild steel. 


those used for yellow brass. 
loss 
rubber, 


Nylon is 


less 


being used in lapping operations, since 
it will hold the lapping compound and 
Also, 


because it 


wears slowly. for vertical guide 


resists wear and 
abrasion and requires no lubrication 
Impact. Relative impact tests obtained 
for several commercial plastics for a 
specific shape are shown in Table I. To 


bearings 


1957 


. lL. du Pont de Nemours & Company, Inc 


increase impact resistance, nylon parts 
with 
corners. As 


should be designed rounded, 


rather than square, rigid 


in metal, fillets should be used at inter 


secting surfaces and where changes 
occur in part thickness. Impact resist- 
ance for both notched and unnotched 
Izod samples increases with moisture 
content. Moisture conditioning is im 
portant for nylon parts that will be 
exposed to impact loading 


Chemical attack. Material is unaffected 


Table I—Relative Impact Tests at 73 F 





lzod Roller Repeated 
Notched Test* Impact** 
psi In | In 


Nylon (Zytel 
101 2 30 


Styrene-butadi 
ene coplymer 
Ethyl 


cellulose 


Cellulose ace 
butyrate 


tate 


rene, butadi 
ne and acry 
nitrile ter 

polymer 





Conditi« 
2.5 per 
*Roller 0.7 in. OD «x 0.35 in. ID hit on outer 
urface by free falling 2.7 Ib weight. Height of 
to cause a visible crack in one blow 


med to 50 per cent re 
cent moisture content 


all required 


**Same roller test but height of fall necessary to 


cause failure in ten blows 





+—_——_+— 


' | | 
/ Ory (os molded) 
2 Average (2.5 per 
moisture ) 
3 Wet (85 per cent moisture} 


Modulus of elasticity , 1000 psi 


° 
-50 0 50 100 


Temperature, F 


Fig. 3—Modulus of elasticity vs environment for zytel 101. 
These values can be used for practical design purposes. 
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Fig. 4—Change in dimensions vs moisture content for zytel 101. 
To establish final dimensions allowance for growth is made. 





ing oils and greases. It does not affect 
the chemical stability of lubricants. 
The common solvents are formic acid 
and phenol. An aqueous phenol solu- 
tion is used for cementing and bonding 
separate parts of nylon. 

Immersion of the material in vari- 
ous chemical solutions for a 30 day 
period indicated that only sulfuric acid 
attacked the nylon; all the other mate- 
rials were absorbed, but showed no 
evidence of chemical corrosion. 
Hydrolysis. Nylon is virtually unat- 
tacked by fresh water or sea water at 
temperatures below 150 F. Continued 
exposure to water above this tempera- 
ture will cause the material to hydro- 
lyze. This results in a lower molecular 
weight and reduced structural strength. 

Intermittent exposure above 150 F 
is not harmful. At 212 F, however, 
boiling water will slowly reduce the 
tensile strength until at 2000 hr this 
value is 6500 psi, tested at 72 F. The 
elongation also drops rapidly after 
1500 hr. Table II is the estimated 
exposure service life of nylon shown 
at various water temperatures. 


PROPERTIES OF NYLON 

A typical tensile stress-strain curve 
for nylon is shown in Fig. 1. The 
curve is roughly analogous to the one 
for most ferrous metals except that the 
yield point and elongation prior to 
rupture is higher for plastic materials 
than for ferrous metals and alloys. 
Environment. Many of the physical 
values used in design calculations are 
influenced by environment. The varia- 
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tion of tensile strength with the tem- 
perature and moisture content is 
shown in Fig. 2. As shown, tensile 
strength decreases with an increase in 
temperature and/or moisture. The 
modulus of elasticity, Fig. 3, decreases 
with an increase in moisture content 
and temperature. 

Moisture in the environment will 
affect the dimensions of a part, Fig. 4, 
because of moisture growth. To estab- 
lish the final dimensions of a part an 
allowance for growth must be made. 
Since molding practice for obtaining 
parts with the best physical properties 
dictates that molding powders contain 
less than 0.3 wt per cent moisture, the 
molded and relatively dry part will 
absorb moisture from its environment 
until it reaches equilibrium. Fig. 5 
shows the rate at which moisture is 
absorbed based on part thickness, tem- 
perature and moisture availability. 

Moisture conditioning can be accel- 
erated by immersing the molded part 
in boiling water. Fig. 6 shows the time 
of immersion for various thicknesses. 
Annealing. Dimensional stability re- 
quires that a part be annealed or stress 
relieved. For parts operating at 160 F 
or less, annealing is automatically ac- 
complished if moisture conditioning is 
done. For parts operating above 160 F, 
annealing can be done by immersing 
in a high boiling material, such as 
Glyco Wax 5-932 heated to 300 F. 
Immersion time: 15 min for each 4% 
in. of thickness. 

Creep. This phenomenon occurs at 
room temperature in plastics and must 


Table Il—Hydrolysis of Nylon 
(Zytel 101) Estimated Service Life* 





Temperature of Water F Exposure Hours 


212 1500 
200 2400 
180 5000 
160 11,000 
140 24,000 





*Exposure hours based on the point where clon- 
gation and impact resistance start to decrease. 


Table Il1l—Fatigue Endurance Limits 
of Nylon* (Zytel 101) 





Temp. | Fatigue, 
Moisture Level F | psi 


Dr y (As | Molded ) 73 "5000 


Average Air Exposure 
(73 F and 50 per cent R H ) 73 3000 
Average Air Exposure 
(73 F and 50 per cent R. H.) 212 | 2000 





*Conditions: 1800 cpm with tension and com 
pression equal 


Table I1V—Values for Form Factor 
in Lewis Equation Load at 
Middle of Tooth 





Number 
of Teeth 


20 deg | 20 deg 
Full Depth i Stub Teeth 
J 


0.132 
0.149 
0.160 
0.166 
0.173 
0.182 
0.193 
0.221 
0.262 
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Fig. 5—Moisture gain vs time based on part thickness. 


125 150 175 200 225 250 


Fig. 6 Above—Rate of boiling time for zytel 101 to reach 


equilibrium for various thicknesses. 





be considered when deformation with 
time might cause part failure. 

In nylon, when a stress is applied, 
Fig. 7, an elastic deformation up to 
the proportional limit is produced, 
then a period of transistory deforma- 
tion ending at approximately 100 hr 
or less. Beyond this point, the defor- 
mation is essentially a straight line 
function of time. 

The effect of time on the deforma- 
tion of any plastic can be represented 
mathematically by assessing a reduced 
value to the modulus of the material. 
This value is the “apparent” modulus 
and can be used to predict ultimate 
deformation if the design stress is 
known or vice versa. Fig. 7 indicates 
the nylon at 100 hr behaves as though 
the modulus was 114,000 psi. Fig. 8 
plots the “apparent” modulus vs time. 
The “apparent” modulus for other 
conditions of temperature and mois- 
ture can be estimated by determining 
the initial modulus from Fig. 3 and 
drawing in an analogous line to the 
solid line shown in Fig. 8. Lower line 
is the “apparent” modulus at 90 F and 
8.5% moisture content; the upper 
line, for nylon at 125 F and dry. 

Deformation recovery of nylon is, 
at room temperature and 50 per cent 
R.H., approximately 75 per cent of the 
total deformation immediately with 
the remaining 25 per cent recovery 
requiring several days. 

Stress relaxation in the design of 
parts such as gaskets and bolted assem- 
blies. occurs with many plastic mate- 
rials. At room temperature and 50 per 


Table V—Typical PV Values for Nylon Bearings (Zytel 101) 





} 


Type of Operation 





Lubricant 


Continuous 


Intermittent Sporadic* 





1,000 10,000 





>10,000 











No data 








Not significant 





*Examples are door hinge bushings and drawer or door rollers 


cent R.H., a nylon gasket bolted to an 
initial stress of 2000 psi will relax to a 
stress value of 75% of the original in 
1 hr and 60% in 100 hr. Confining 
the material in a tongue and groove 
joint tends tc alleviate stress relaxation. 
Fatigue. Any material subjected to a 
varying load will fail at a stress below 
the ultimate strength. Table III shows 
the fatigue endurance data for nylon. 


DESIGN APPLICATIONS 
Gears. Nylon is ideally suited to the 
manufacture of gears since it can be 
molded into intricate shapes economi- 
cally and produces resilient gears that 
run quietly with no backlash and with 
a minimum of lubrication. 

The Lewis equation can be used but 
will give conservative results. Lewis 
equation assumes all the load is carried 
on one tooth where with nylon usually 
two teeth are in contact. Nylon de- 
forms 75 times easier than steel. 
Hence, periodic overloads cause a pro- 
portional but temporary deformation 
spreading the load over at least two 
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teeth. The resilience permits the teeth 
to be molded with larger tolerances 
and to run with slight misalignments 
that cannot be tolerated with metal 
tooth gears without excessive wear and 
vibration. An example of a gear design 
using the Lewis equation follows: 
Determine the face width of a 20 
pitch spur gear transmitting 1 hp at 
1750 rpm. Gear has a 2% in. pitch 
diameter (50 teeth) and 20 deg pres- 
sure angle full-depth teeth. Environ- 
mental conditions: 73 F and 50 per 
cent R.H. 
Using the Lewis equation: 
W = SPFY 
where: 
W = tooth load, lb 
S = design stress, psi 
P = circular pitch, in. 
F = face width, in 
Y = tooth — form factor 
For gear design in the average instal- 
lation where nylon is used, a safety 
factor of 3 is used. 
Thus 


S = UTS/SF 








0.020 
0.018 
0.016 


a 


0.014 ff | 7ension - 1800 psi 

0.012 + 

0.010 F— T 

0.008 
0.006 


Deformation - in / in 


Compression - 450 psi 
0.004 - 


0.002 Tension - 465 psi 


12) 100 200 300 400 


Time hr 


250 
200 


150 


50 


Apporent modulus, |OOOpsi 


50 100 
Time - hr 


Ultimate tensile strength for en- 
vironmental conditions is given in 
Fig. 1, equals 9300 psi 

S = 9200/3 = 3100 psi 3) 


The design stress must be modified 
for the velocity factor, V.F. 


V.F. = [150/200 + PLV] + 0.25 (4) 
where PLV = pitch line velocity, fpm. 


PLV = Fitch Sameter) 


PLV = [(w) (2.5)/12] 


< rpm (5) 
(1750 
= 1145 fpm (6 


Combining Eqs. (3) and (6) to find the 
design stress, S, 


S = (3100) [(150/200 + 1145 
+ 0.25] (7) 
S = 1120 psi 8 
Tooth load, W, is: 
W = (hp) (33,000) /(PLV) (9) 
= (1) (33,000) /(1145) = 29 1b (10 
Circular pitch, P, is: 
p ~ *) (Pitch Dia) 11 
No. of teeth 
= (r) (2.5)/50 = 0.157 in 12 
Form factor is determined by using 


values for Y as shown in Table IV 


Y 0.221 
Then: 


Ci4 





500 





500 1000 5000 10000 


Fig. 7 Left—Votal detormanon ys time for zytel 101. Total 
amount of deformation at the end of 24 hr will be about 75 
per cent of that obtained after 1 yr. Creep after 1 yr is so small 
for design purposes it can be ignored. 
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Fig. 9—Recommended stress for lubricated spur gear teeth. 


Fig. 8 Left—Apparent modulus ys time for zytel 101. Material 
is conditioned to 73 F and 50 per cent R.H. Modulus is initially 
200,000 psi. After 100 hr apparent modulus is 114,000 psi; and 


in 1 yr has reached a constant 90,000 psi. 


Table VI—Coefficient of Friction Data 
—(Zytel 101)* 














Other Load, Coefficient of 
Lubricant | Surface | psi Friction, f 
Dry | 1050 | 0.04to 0.13 
Water Nylon | 1050 | 0.08 to 0.14 
Oil 1050 0.07 to 0.08 
Water | ‘Steel | 1050 | 0.3 to0.5 
Oil | 1550 | 0.02 to0.11 
Water Brass | 1050 | 0.3 to0.5 
Oil 1550 | 0.08 to 0.14 





*Battelle Memorial Institute—Neely, or bound 
ary film testing machine—Surface speed 156 
ft. /min 





F = W/SPY (13) 
F = 29/(1120)(0.157)(0.221) (14 
F = 0.75 or 3/4 in. (15 

If the gear is operating with a pin- 
ion of almost equal diameter, two teeth 
instead of one will engage and the face 
width can be reduced to 7/16 in.—60 
per cent of the calculated value for a 
single tooth. 

Recent studies on lubricated and 
unlubricated spur gears of nylon shows 
that the bending stress necessary to 
cause failure on lubricated gears de- 
creases with the number of cycles. A 
design siress equal to 75 per cent of 
this bending stress at failure, Fig. 9, is 
recommended for the average instal- 
lation. When severe loading conditions 


or misalignment are met, still lower 
stress values can be used for gears. 

As shown in Fig. 10 for any desired 
life, the load carrying capacity is re- 
duced without lubrication. Thus, for 
plastic gears that are operating to- 
gether continuously and at relatively 
high design loads, where frictional 
heat generation is a factor, lubrication 
is recommended. Heat dissipation can 
be accelerated by meshing the plastic 
gear with a metal gear. 

Fresh and salt water acts as a good 
lubricant and coolant for nylon gear 
installations. Nylon gears operating to- 
gether at relatively light design loads 
and intermittent service require no 
lubrication. 

The load carrying capacity of a pair 
of lubricated plastic gears is governed 
by the breaking strength of the tooth 
and not the rate of wear. Failure 
occurs at the root of the tooth and has 
the appearance of a typical bending- 
fatigue failure. 


Life time tests indicate that an un- 
lubricated set of gears or a set which 
has had only initial lubrication will 
ultimately fail immediately below the 
pitch circle rather than at the root. 
This is caused by excessive surface 
temperature that weakens the material 
and causes the tooth to fail in shear. 
Bearings. Many successful installations 
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Fig. 10—Load carrying ratio of lubricated and 


nonlubricated gear teeth. 


have been made and are operating as 
lubricated and unlubricated sleeve 
bearings with a minimum of problems. 

Sleeve bearing applications are nor- 
mally designed by using the PV value. 
These values are of importance when 
designing bearings operating without 
lubrication or with only initial lubri- 
cation. Table V lists PV values for 
several nylon bearing applications. 
Bearing life can be extended by occa- 
sional lubrication, but it is not required 
for light duty or intermittent use. 

Water will act as a lubricant, but if 
submerged the bearing must be sized 
so that the required clearance is main- 
tained at the saturated condition of 
8.5 wt per cent moisture. 

The life of any sleeve bearing will 


200 300 


400 500 600 70 
Beoring lood, psi 


Fig. 11—Coefficient of friction vs load for lubricated bearings. 


Well thickness 0.049 in. clearance 0.0025 in. 


depend to an extent on the finish of 
the mating metal surface. Good bear- 
ing life can be expected from a metal 
shaft having a finish of 14 to 16 rms; 
also, for dry or partially lubricated 
bearings having a clearance of 0.004 
to 0.006 in. for a 1 in. dia shaft. Clear- 
required for larger diameter 
bearings can be reduced proportion- 
ally from that shown. 

Coefficient of friction data for sev- 
eral bearing conditions are given in 
Table VI Nylon will absorb minute 
metal and dirt particles and continue 
to give satisfactory service in some 
installations. Metal wear particles and 
dirt do not affect the coefficient of fric- 
tion in nylon to the extent that they do 
in ferrous and alloy metal bearings. 


ances 


Studies have been made to deter- 
mine the effect of load, speed, clear- 
ance and sleeve wall thickness on bear- 
ing performance. Tested bearings were 
lubricated at extremely low rates of 
flow. 

For each test bearing at any speed 
the load was increased in steps permit- 
ting temperature equilibrium to occur 
before further increase. Load was not 
raised beyond the point where the 
torque and temperature began to 
fluctuate. 

There was no measurable wear on 
the inside diameter of the bearing, in- 
dicating that as long as the torque is 
at or near the minimum value and 
steady, the oil film would support the 
load and no wear would occur. 


Table Vil—Lubricated Nylon Bearings (Zytel) A typical plot of the coefficient of friction vs. bearing 
load is shown in Fig. 11. The maximum temperature rise 


was 80 F. Some effect caused by velocity was observed, 





Cl | Wall | Coeff of Friction 
car- a 








| Max. | Temper- —_|— but the difference between 600, 1000 and 1200 rpm was 
ance thick. Speed Load ature at }. at -ver greater th: how 
In. | In rpm psi Rise F | Max. Load! Min. Load never greater than shown. 
0.0025 | 0 024 | ~ 600 | ~ 670 26 0.0054 | 0.0034 Wall thickness and clearance, as listed in Table VII, 
1000 670 38 0.0073 0.0061 ‘ = rae = eee ‘ik a ee ve 
2000 610 70 | 0.0062 0.0048 appears to have no major effect on bearing performance 
9.0035 | 0.022 | —/! we 39 nae | oases I arger clearances, however, usually permitted higher loads 
1000 910 43 | 0.0076 | 0.0067 Velocity had little effect, particularly with 0.0025 in. clear- 
2000 670 80 0.0113 0.0070 é : . 
a —- a ———_ — ance, with the thin-walled bearings. 
600 610 0.0109 0.0065 : ‘ 
1000 | 670 | 0.0082 | 0.0069 Each bearing was run for at least 16 hr at 1000 rpm and 
0.0093 0.0090 . . » 
Badan: 2000 | vec TAB Boe i about %4 of the maximum load, with no lubricant added, 
0.0025 0.049 600 =| 670 40 0.0047 0.0047 a war a ste" . 
sane sie 48 0.0081 9.0071 to check the sensitivity to the amount of oil entering the 
jon 2000 sso |_ 74 | 0.0104 0.0104 bearing. In no instance did the coefficient of friction or 
0.0055 0.047 £00 1030 = | 0.c0es o.ene7 bearing temperature increase. The bearing with a wall 
000 6/0 _ D . . oe 
2000 430 65 0.0052 0.0040 thickness of 0.094 in. and 0.0085 in. clearance ran for 41 
0.0085 0.046 600 850 32 0. 0068 0.0057 days with no change and without additional oil 
1000 670 39 0 0098 0.0087 
2000 790 80 0.0089 0.0085 = 
9 0025 ® 097 a oa: 38 » Gans > anne REFERENCE: Zytel Nylon Resin, A Versatile Engineering 
1000 500 ~ 0 0084 0 0053 Material by W. C. Warriner and A. J. Cheney, FE. Ll. du 
- -- = = ae ne A Finns Pont de Nemours & Co., Inc. Presented at the ASME Semi 
| A - — 67 eH Be Annual Meeting, Cleveland, Ohio, June 1956. Paper No 
~y = . = 
2000 370 74 0 0091 0 0091 56-SA-70. 
0.0085 0.094 600 1150 60 0 0030 0.0024 Du Pont Zytel offers unique properties for use in the design 
| y000 | 850 | 62 | 9.0033 0.0042 of bearings. Published in the Product Engineering Bulletin, 
2000 550 73 0.0034 0.0034 
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Fig. 1—Stress-strain comparison of polyurethane, natural rubber and GR-S. 
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Fig. 2—Hardness values of polyurethane, natural rub- 
ber and GR-S. Processible polyurethane is com- 
parable in hardness to other rubbers. Cast material, 
without loading, is much harder than other rubbers. 





From: ASME paper 


POLYURETHANE RUBBER for...abrasion resistance 


G. H. GATES, 
Rubher and Plastics Technology Div. 


Ww. M. LARSON, technical engineer 
Goodyear Tire and Rubber Company 
Higher stress capacity than natural 
rubber creates wide application possi- 
bilities for polyurethane rubber. In the 
rubber and plastic field, the poly- 
urethane is classed as a rubber. 


lw ComPaRING some of the physical 
properties of polyurethane, with natu- 
ral rubber and GR-S, the polyurethane 
has an elongation comparable to many 
pure gum natural rubber compounds 
but with a much higher stress capacity. 
Fig. 1 shows a comparison of stress- 


problem with solid industrial tires, the 
polyurethane rubber is giving excellent 
performance. Rubber to iron adhesion 
systems are being used that approach 
100 Ib/in. by degreasing the metal 
hub, shot-blasting, and applying two 
coats of isocynate cement before ap- 
plication of the polyurethane rubber. 

Tests were made on the load-bearing 
wheels of electric trucks used for trans- 
portation of material and equipment. 
Carrying load of the trucks were 
doubled to 3200 Ib. No provision was 
made for increasing the size or num- 
ber of load-bearing wheels. 

A polyurethane solid-tire wheel has 


been in use for three months with a 
minimum of chipping and cuffing. 
Control tires have been replaced every 
few weeks. Where the regular solid 
tires have a hardness of 81 Shore A 
the polyurethane tire has a 100 Shore 
A hardness which improves tire life. 


Pump valve insert. A recent develop- 
ment is polyurethane valve inserts in 
high pressure pumps used in oil-well 
drilling operations. The valve inserts 
are subjected to high operating pres- 
sures and excessive abrasion. 

Many materials have been tested 
and the most satisfactory commercial 


strain tests on several rubber com- Table I—Motor Mount Test Data 


pounds and polyurethane. Fig. 2 is a 




















Natural Rubber Polyurethane Polyurethane 
comparison of hardness values. and GR-S—cControl | No Loading 20 Pts. Black 
The outstanding property of poly- Hardness Shore A 53 60 70 
urethane is its abrasion resistance. A : 3 
= f | th t Compression Set ASTM-—D395-49T 
pas 6. Yeas » = Method B 77F 18.37 14.03 15.81 
abrasion-resistant natural rubber is 158 F 25 per cent max 30.77 35.97 
shown in Fig. 3. Material is usable as ee ONE F — 
8. . Dynamic Modulus—kg/cm........... 50.0 | 81.1 103.3 
treads for solid tires, for example, or ean ses ALAN SARS 
as a covering for hose lines or as a Internal Friction—kilopoises......... 16.0 59.6 32.2 
hose core where abrasive materials are Resilience—per cent.............e00. 46 8 41.6 45.5 
transported or encountered. 9 AEP, 0 POE R RETA —| Es 
Hysteresis Loss—Instron 
Energy Absorbed—Ib-in. | 
INDUSTRIAL APPLICATIONS es csckes +: 97 | 19.2 17.6 
Industrial tires. In the factory where 2nd cycle... .-.. 1. see ee ee ee eeee 5.7 | sample 9.2 
3rd cycle 46 broke 7.0 


abrasion and/or metal adhesion is a 
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tread a 7 3 Z 7 
L stock Fig. 3—Ring abrasion comparison 3 Dotum ° Ootum 
of natural rubber and polyurethane. / let eycte 73.9% 
Cubic centimeters of gum lost dur- 2 / st cycle 88.8% : energy absorbed 
ing a 20 minute abrasion period. energy absorbed 4/0 
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um ¢ € energy absorbed 
: k FS 2nd cycle 78.6% = | 
stoci 5 « rs 
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Fig. 4—Energy absorption 
of polyurethane and regu- 3 
lar motor mounting stock J rd cycle 54.8% 
& » 2 3 rd cycle 73.9% 2 energy absorbed 
a ' energy absorbed 
! 
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... energy absorption ... vibration dampening 


material, prior to polyurethane, was an 
oil and heat-resistant neoprene com- 
pound. The polyurethane plug insert, 
having a hardness of 100 Shore A, in- 
creased the service life by four times. 


Motor mounts. Data have been ob- 
tained which mdicate that polyure- 
thane should be a good motor-mount- 
ing material. Tabfe I compares 
polyurethane to natural rubber and 
GR-S rubber motor mount stock. 
The higher heat rise and hysteresis 
loss indicates that the material has the 
ability to absorb vibration energy. The 
higher dynamic modulus might mean 
that less stock will be needed to 
achieve equivalent spring constant. 
Fig. 4 shows the increased energy ab- 
sorption of polyurethane as against 
regular motor mounting stock. 


Sponges and foam. The properties of 
latex and open-and-closed-cell poly- 
urethane foam is shown in Table II. 
An outstanding property of the foams 
is the low density and high compres- 
sive strength. 

The resilience of expanded foams 
with respect to vibration dampening is 
being investigated. Fig. 5 is a compari- 
son of the vibration dampening pror 
erties of polyurethane expanded foam 
and latex foam. The expanded foam 
is expected to fill the gap between the 
regular soft latex foams and the rigid 
solid rubbers that are presently avail- 
able for vibration dampening. 


REFERENCES: 
Polyurethane Rubber as a Material of 
Construction by G. H. Gates, Head, Rub- 


Table I1l—Properties of Cellular Elastomers 





Latex 

Foam 
Density 1b /ft 6.8 
RMA Compression—lb 30.0 
Tensile psi 33.2 
Riengation per cent 455 
Resilience per cent 28.5 
haste Bhesistance Burns 


Melts 


Polyurethane Polyurethane Expanded 


Foam Type Sponge 
4.0 _ 3.0 
45.0 180 
25.0 88.0 
250 240 
47.5 


resists burning | Burns slowly and melts 
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ber and Plastic Technology Div. and W. 
M. Larson, Technical Engineer, Rubber 
and Plastics Compounding Section, Good 
year Research Laboratory, Research Divi- 
sion, Goodyear Tire and Rubber Com 
pany, Akron 16, Ohio. Presented at the 
ASME Semi-Annual Meeting, Cleveland, 
Ohio, June 17-21, 1956. 
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Fig. 5—Vibration dampening characteris- 
tics of polyurethane expanded sponge and 
latex sponge. Materials differ in polymer 
and structure. Polyurethane could be used 
for applications needing firmer properties 
than latex but less rigid than solid rubber. 
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Fig. 1—Electron micrograph of alumina powder. Powder, after screening, is placed 


into hopper of flame fusion apparatus to produce synthetic sapphire crystals. 


Fig. 2—Typical crystal-growth apparatus. Tapping of hopper feeds powder inter- 
mittently into the oxygen stream which flows down through the center tube of the 
diffusion-type oxyhydrogen burner. Hydrogen is fed to flame through an annular 
passage surrounding the central powder-oxygen tube. Tip of the oxygen burner dis- 
charges the flame into a cylindrical ceramic furnace. Boules (crystals) are grown 
on a ceramic pedestal which is centered in furnace and equipped with a vertical 
screw adjustment. Screw adjustment permits boule to be lowered as it grows. 


From: Linde Industrial Crystal Bulletins 


Properties and uses of 
industrial crystals 


STEVEN HAHN 


crystals department, Linde Co., 
Div. of Union Carbide Corp. 


SYNTHETIC crystals are man-made 
materials that are identical with the 
natural crystal in chemical and physi- 
cal properties. Synthetic corundums, 
sapphire and ruby, as well as emeralds, 
spinels and titania are being made 
commercially for industrial use. 
They are used where: resistance to 
corrosion and abrasion; high tem- 
perature, mechanical and dielectric 
strength; and low coefficient of fric- 
tion are needed. Applications include: 
spacers, tube supports, spreaders and 
insulators in electrical and electronic 
devices; bearings, precision gauges and 
thread guides in mechanical compo- 
nents; polishing of various materials; 
phonograph needles, points for ball 
point pens, radiation pipes, tape 
guides, and lenses and windows in 
optical systems for radiation study. 


Cis 


CRYSTAL MATERIALS 


Corundum. The first and most impor- 
tant group to be synthesized was the 
corundum family, ruby and sapphire. 
Corundum is a-alumina, Al.O., which 
crystallizes in the hexagonal form. The 
pure crystals are transparent and 
water-white. A few per cent of 
chromic oxide, Cr,O,, in the starting 
material produces a ruby crystal. Small 
amounts of iron compound and titania 
forms a blue sapphire. Other sapphire 
colors are formed by adding other 
metal oxides to the a-alumina. 


Spinel. Material is a magnesia-alumina 
crystal of the composition MgO. 
Al.O,, which crystallizes in the cubic 
form. Pure magnesia-alumina spinel 
crystal is transparent and water-white. 
The addition of metal oxides can pro- 
duce other colors when necessary. 


Titania. This is the tetragonal form of 
titanium dioxide, TiO,. The crystal is 
































pale yellow in its pure form. As ob- 
tained from the furnace, titania con- 
tains slightly less oxygen than corre- 
sponds to the formula, TiO,, and is 
a black and opaque crystal. 


CRYSTAL FORMS 

Synthetic crystals made by the flame 
fusion method are unicrystalline. A 
single crystal of corundum is of a-alu- 
mina, the conventional boule form 
ranging from % to 1 in. in diameter 
and up to 6 in. in length. Disks are 
available up to 3 in. diameter. Corun- 
dum is also produced in rods up to 
Y% in. diameter, and up to 18 in. long 
in the smaller diameters. When grown 
the crystal is thermally stressed. These 
stresses may be relieved by splitting 
the crystal along a principal plane, or 
by annealing prior to fabrication. 

Spinel crystals are of the same size 
as corundum crystals, while titania 
crystals are smaller. Spinel and titania 
need not be stress relieved or split 
prior to use. Heat-treatment in an oxi- 
dizing atmosphere adds oxygen to the 
titania crystal to give it transparency 
and a light color of its pure form. 


MANUFACTURE OF CRYSTALS 
The powder used as the starting ma- 
terial in the manufacture of corundum 
is prepared by the calcination of am- 
monium aluminum sulfate. For spinel, 
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Fig. 3—Stages in the growth of a boule. 


a mixture of ammonium aluminum 
sulfate and ammonium magnesium 
sulfate is used. When colored sapphire 
and spinel crystals are desired, the 
colorant material salt is added before 
the powder is placed in the calcination 
furnace to be fired. 

Shallow fused quartz dishes, each 
charged with 2 lb of 
placed in a furnace and calcined at 
1000-1100 C. After cooling, the cal- 
cined material is in the form of a light 
friable cake, which is screened to ob- 


powder, are 


tain a fine powder. Fig. 1 shows an 
electron micrograph of corundum 
powder to produce a sapphire boule. 

Titania powder is prepared by cal- 
cining hydrolyzed titanium tetrachlo- 
ride for several hours in an oxidizing 
atmosphere at 500 C. Extremely pure 
titanium tetrachloride is required to 
obtain pure titania crystals. 

A cross sectional view of the oxyhy- 
drogen-flame process is shown in Fig 
2. The powder falling through the 
flame builds up a sintered mass on top 
of the ceramic pedestal and, with 
favorable flame conditions, a single 
rodlike crystal emerges from the mass. 
By flame control and lowering of the 
pedestal, the crystal grows until it is 
% in. long. At this point, the crystal- 
growth conditions are changed so that 
a small ball forms on top of the rod. 
This ball broadens to resemble a 
mushroom, the crystal is then called a 
boule. When the diameter has in- 
creased to standard boule diameter, 
powder feed, flame character and ped- 
estal lowering rate are adjusted and 
maintained until the desired length is 
reached. Fig. 3 shows the stages of 
crystal growth. 

Annealing of corundum crystals at 
high temperatures permits the shaping 
of large, one piece parts from sapphire. 
Crystals %4 in. in diameter and several 
inches long or 3 in. diameter and ¥% 
in. long have been annealed so com- 
pletely that they can be sawed, drilled 
and polished without fracturing. An- 
nealing process is carried out in a 
specially designed high-temperature 
furnace at 1950 Centigrade. 


PROPERTIES OF INDUSTRIAL 
CRYSTALS 
Of the synthetic crystals, sapphire is 
the one that has found the most wide- 
spread industrial use. Table I shows 
the properties of spinel and titania 
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Table I—Characteristics of Synthetic Crystals 





Characteristic 


Formula 


Crystal Structure 


Melting Point, C 


Specific Gravity 


Infrared Transmis}ion, per cent* 


Infrared Limit of Transparency, A 


Specific Heat at 25 C, Cal/gm 
Coefficient of Thermal Expansion, 


10~* 


Dielectric Constant 

Hardness, Mohs 
Knoop 

Water Absorption 


Chemical Resistance 


Unattacked by 
acids 
etched by HF after 65 days 


Spinel Titania 
Mg 0.3'5 Al.O TiO 

Cubic Tetragonal 
2030-2060 1825 
3.61 4.25 
85° 66° 

53 ,000 54 000° 
0.17 


9 19° 
7.148 


900-1000 
0 0 
common | Resistant to attack 


slightly | by common 
and alkalies 


or NaOH; 


acids 


at room temp 





® Loss largely to Fresnels’ reflection 

+ 5 mm thickness at 10,000 A. 

¢ 2.54 mm thickness at 10,000 A 

d 30 per cent transmission, 5 mm thickness 
Also exhibits absorption band at 29,000 A. 


crystals. The principal physical prop- 
erties of sapphire given in Table II, 
are dependent upon the orientation of 
the axes. However, even for the least 
desirable orientation, its properties 
make it a unique construction material. 

Strength and creep resistance at 
high temperature have not been deter- 
mined fully although it has been used 
as a construction material in high tem- 
perature furnaces. Temperatures in 
excess of 1400 C have been used with- 
out breakdown of the sapphire part. 

In use, two principal precautions 
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* 33 per cent transmission, 
2.54 mm thickness 

' Parallel to C axis 

* Normal to C axis 

bat 40 C 


must be taken: (1) sapphire is ex- 
tremely hard and its resistance to im- 
pact or highly localized 
lower than most metals; and (2) exces- 
sive thermal shock should be avoided 


Stresses 1S 


JOINING OF INDUSTRIAL SAPPHIRES 


Nonmetallic to metal seals. Generally, 
it is desirable to choose materials of 
similar thermal expansion properties 
and an economical bonding alloy that 
will suitably wet both materials, flow 
freely and give a neat, strong, vacuum 
tight joint. Fig. 4 shows materials hav- 
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Table Il—Characteristics of Industrial Sapphire 





Characteristic 





Composition. . 


Cry stal Structure 


Finish. 


Specific Gravity 


Specific Heat at 20C, cal/gm 


Porosity, per cent 


Thermal Conductivity, cal/cm?* 


sec /C cm at 100 C.. 


Value 


| ar 





Hexagonal 





| Optical clear or frosted 





2040 


1535 to 2000 
0.18 


—— 3.98 
| 
| 0.065 


Mean Linear Expansion Coefficient, per C from 20 C 


to various temperatures, 10~* 


Parallel to C-axis 50C 
500 C.. 


1000 C 


50 C 
500 C 
1000 C 


Perpendicular to C-axis 


Electrical Rashtenen, ahi -cm 
500 C 
1000 C 
1500 C 





Dielectric Constant ont Sewer Poster 


At 300 megacycles 
Field Parallel to C-axis 
Dielectric constant 
Loss tangent. 


Field Perpendicular to C-axis 
Dielectric constant 
Loss tangent..... 


At 10,000 megacycles 
Field Perpendicular to C-axis 
Dielectric constant 
Loss tangent. 


Dielectric Strength E cm 
Optical Teensniulen, 6 per cent 


Ultraviolet, 2 mm thick sample 
2000 Angstrom 
1500 Angstrom... . 


Infrared, 1 mm thick sample 
3 microns 
6 microns. 


Compressive Strength, psi at 77 F. ; 


Y oung s Modulus, psi X 10° 


Modulus of Resto, psi 
C-axis orientation 30 deg 
540 deg 


Chemical Resistance 


66 
33 
03 


one 


70 
31 


onu 





10" 
10° 
10 





10.6 
<0.0001 


8.6 
<0.0001 


11.0 
0.0002 


480 ,000 


66 
20 


92 
50 


300 ,000 





50 to 55 


40 to 130,000 
23 ,000 to 50,000 





Practically inert to most re- 
agents atroom temperature. 
Inert to a large variety of re- 
agents at temperatures over 
1000 C 








ing similar low thermal expansivity 
and which can be bonded to sapphire. 

Bonding requires that the sapphire 
be metallized and a solder alloy that 
will wet both the metallizer and metal 
be used. Molybdenum, active metal 


C20 


hydrides and active metals are com- 
monly used as metallizers. Table Ill 
shows some bonding techniques. 

A preferable solder would have a 
low yield strength and good ductility 
to allow thermal expansion mis-match, 


vacuum tightness, a low vapor pres- 
sure for vacuum applications, and high 
strength at moderate temperatures, 
about 500 C. Several precious metal 
solders are used. 

Gold-nickel alloy of low vapor pres- 
sure has been used to bond sapphire to 
molybdenum sheet. Conventional silver 
copper eutectics are used although 
having a slight vapor pressure at 1200 
C. Aluminum solder has been tested 
but can not be used in a nitrogen at- 
mosphere. Copper and copper-silver 
can be used to braze cleaned stainless 
steel in a highly purified hydrogen 
atmosphere. 

Proper joint design will cause com- 
pressive, rather than tensile or bending 
stresses in sapphire. Metal parts should 
be designed so that distortion set up 
during heating of the metal will not 
cause excessive bending or tensile 
stresses in the sapphire. 


Nonmetallic to glass seals. Comparable 
thermal expansion properties are 
needed in sapphire to glass bonding. 
Table IV shows some _ techniques. 
Thermal expansion mismatch can be 
modified by graded glass seals. 
Sapphire windows are sealed in glass 
optical, physical or chemical apparatus 
so that the optic or “C” axis is normal 
to the window face. In these instances, 
glass of thermal expansivity similar to 
sapphire expansivity perpendicular to 
the optic axis is preferred. A glass of 
lower expansion coefficient is used to 
give desirable stress distribution. 


APPLICATIONS OF INDUSTRIAL 
SAPPHIRES 

Optical. Sapphire is used as entrance 
and exit windows in infrared analyzers. 
Selection of window material is based 
on two factors: range of transmission 
and durability. Windows must transmit 
a high percentage of infrared radiation 
in the major band of the gas being 
analyzed. Quartz and sapphire are 
both extremely durable and are pre- 
ferred where their transmission ranges 
permit their use. Calcium floride frac- 
tures easily and arsenic glass and 
KRS-5 have high reflective losses and 
scratch easily. The upper limits of the 
useful transmission ranges of the most 
commonly used materials are: quartz, 
4.4 microns; sapphire, 5.3 microns; 
calcium floride, 10 microns; arsenic 
13; and KRS-5, 40 microns. 

Sapphire has a large reciprocal dis- 
persion for the index of refraction and 
can be used advantageously for ele- 


glass, 
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Table I1l—Metal to Sapphire Bonding Techniques 























Metallizer Solder 
Materials Material Temp, C Atmosphere Material Temp, C Atmosphere Bond 
TiH 1000 Vac Ag 960 Vac Good 
ZrH 1000 Vac Ag 960 | Vac 
CbH 1000 | Vac Al 700 Vac 
Sapphire 
TaH 1000 | Vac Al | 700 Vac 
ZrH 1000 Dry N: Ag 900 Dry N: 
None - _ 15% Zr-Ag alloy 960 Vac 
Alundum 1139 to Tantalum ZrH 1000 | Vac Al 700 Vac | Good 
Molybdenum... None — | 15% Zr-Ag alloy ? Dry N: Good 
Zircon (zirconium silicate | Molybdenum 1350 H; Ag on Ni layer | 1000 Vac Good 
on . er — = aaa ——- a 
Alumina to Tantalum None — - | Ti cored BT solder 1040 H; Good 
Alumina None | - | 15% Zr-Ag alloy ? H: Good 
None | - | 15% Mn-Ag | H; Good 
Alumina Al-200 None _— Ti cored BT solder | 900 Vac Good 
Sapphire to Molybdenum 20% Mn-Mo alloy 1050 | H: Au-Ni eutectic 1050 Hy Good 
Note: Vacuum of 10-' mm Hg 
Table IV—Sapphire to Glass Sealing Techniques Table V—Alumina Abrasives 
Glass Method Type A Type B Type C 
—— _ - - - Property Alpha Gamma Alpha 
Corning 751 Electric arc, 15,000 V — - - —— ~ —— —— _ 
—— — — = Crystal system...... Hexagonal! Cubic Hexagona! 
Sapphire to Corning 7510 to 70S5SAJ to 772 == —- — ———_)—_———_ 
(Nonex) to 774 (Pyrex) Graded seal, gas-oxy flame Hardness, Moh... .. , én Q 8 9 
Pyrex-C 79 graded seal Graded seal, oven at 900 C Approximate particle size, micron. .| 0.3 0.03 1 
Corning 8800 (or 7520).......... ..| Direct seal, gas-oxy flame Apparent density, dry g/cc |} 0.3to0.6/|0.2t00.5| 0 3tod € 








ments in certain type lenses. While 
strain and optical anisotropy limit its 
use as a precision lens element, its re- 
sistance to abrasion makes it valuable 
for outer elements of lenses where 
surfaces must withstand abuse. 

The high index of refraction and 
excellent high temperature properties 
makes sapphire a desirable material 
for radiation pipes when used in high 
temperature corrosive environment. 
Radiation pipes are used to transmit 
radiant energy within a furnace to an 
outside measuring device, allowing in- 
ternal furnace temperatures to be di- 
rectly recorded. In the ultra-violet 
regions, it is useful as window material 
in equipment for studies involving 
ultra-violet radiations. 

















Polishing. Metallographic polishing of %o a ae a 700 «800 900 

lead, brass, steel, cast iron and ce- ——— 

mented carbides is possible with alu- Fig. 4—Thermal expansion of various metals and synthetic sapphire. 

mina. Three types are used depending 

on finish needed. Table V_ indicates REFERENCES: 

these types. Alpha alumina is a fast Linde Industrial Crystals Bulletin No. 1. A resume of Nonmetallic to Metal or Glass 

cutting powder, which produces a Bonding of Sapphire. Published by Linde Air Products Company. 

clear, unsmeared metal surface of fine Linde Industrial Crystals Bulletin No. 3. Properties of Industrial Sapphire. Pub- 
. finish. Gamma is slower in cutting ac- _‘!shed by Linde Air Products Company. 
‘tes fuse produces a finer finish suitable “Linde” Synthetic Sapphire for Optical Systems. Published in the Journal of The 


Optical Society, Vol. 40, 1950, pg 788. 


for high magnification metallographic Optical Properties of Synthetic Sapphire by Richard W. Kebler, Ph. D., Linde Air 


examination. Alpha is usually used for Products Company. 


initial cloth wheel polishing, and Gems, Synthetic by A. K. Seemann, Linde Air Products Company. Pub!ished in the 
gamma if a very fine finish is required. Encyclopedia of Chemical Technology, Vol. 7. 
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From: ASME Paper 


Properties and applications 
of silicone rubber 


S. A. BRALEY, JR., assistant manager, Silastic Div., Dow Corning Corporation 


Su ICONE rubbers are commercially 
available that remain serviceable over 
a temperature span from —130 to 500 
F. Many withstand exposure to 600 F. 
Retention of properties over such a 
wide span of temperatures means that 
silicone rubber has a serviceable tem- 
perature span 300 to 400 Fahrenheit 
degrees broader than that of commer- 
cial organic rubbers. 

Typical applications include me- 
chanical parts and components subject 
to wide temperature extremes, insula- 
tion for windings of high temperature 
electric equipment, encapsulation of 
electronic parts, and wire and cable. 


PROPERTIES OF SILICONE RUBBER 

Properties of the material are a 
function of the basic silicone polymer 
used in its manufacture. Silicon and 
oxygen make up the basic chain and it 
is the inertness of sand, the common- 
est form of this chemical grouping, 
that gives silicone rubber its unique 
physical and chemical properties. 

By varying the side groupings of the 
basic chain, the material properties 
may be changed. For example: if the 
common methyl group, — CH.,, is 
changed to a larger organic group, 
such as ethyl, — C,H,, or propyl, — 
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C.H,, the inertness of the basic chain 
is decreased by the more active, large 
organic groups that are added. 

An exception is the use of the phenyl 
group, — C,H;. Here, the freezing 
point of the silicone rubber is changed 
from about minus 80 F to about minus 
180 F. The high temperature charac- 
teristics are not affected since both 
methyl and phenyl types have equal 
high temperature usefulness. The ad- 
dition of a vinyl group, — CHCH,, 
will yield a silicone rubber with ex- 
ceptional ability to recover after de- 
formation at high temperature. 


HIGH TEMPERATURE PROPERTIES 

Since the properties of silicone rub- 
ber are dependent upon the basic poly- 
siloxane polymer and this polymer is 
less thermally responsive than a car- 
bon chain polymer, its properties do 
not change as greatly as the properties 
of organic rubbers when either is sub- 
jected to heat. Although the initial 
physical properties of silicone rubber, 
as vulcanized, are lower than those of 
the organic elastomers, the properties 
of organic rubbers fall off rapidly 
when heated, and those of silicone rub- 
ber do so at a much slower rate. 

The effect of aging and testing at 





Fig. 1—Effect of heat on the tensile 
strength and elongation of organic and 
silicone rubber for various times. 


250 F, 300 F and 480 F on several 
rubbers are shown in Figs. 1, 2 and 3. 
These rubbers were all recommended 
for heat stability properties. 

At 250 F, natural rubber fails after 
7 days; neoprene after 14 days; and 
GRS, although it still has some tensile 
strength, has lost all its elasticity after 
14 days. Silicone rubber, on the other 
hand, although having lower initial 
values, retains good properties through- 
out the test. Similar, but more rapid 
deterioration may be noted in Figs. 2 
and 3 at the higher temperature. 


LOW TEMPERATURE PROPERTIES 


As mentioned, the dimethyl silicone 
rubbers have a brittle point of about 
minus 80 F. The substitution of pheny! 
groups permits lowering the tempera- 
ture to minus 180 F before brittleness 
occurs, and the rubber also retains 
good high temperature characteristics. 
Fig. 4 shows the change in properties 
of two major types of silicone rubber 
as temperature is reduced. 

Silastic 160 is a dimethyl-type sili- 
cone rubber, filled with titanium diox- 
ide and zinc oxide. Silastic 250, a later 
development, is filled with fine silica 
and is a good example of an extreme 
low temperature polymer. There is a 
marked increase in tensile strength as 
the temperature decreases. Elongation 
of both materials is reduced slightly 
but does not approach zero until the 
brittle point is attained. 

Silicone rubber is not damaged by 
freezing. It can be cycled from room 
temperature to below freezing with no 
change in physical properties. 


APPLICATIONS OF SILICONE RUBBER 

The heat stability of silicone rubber, 
combined with its excellent dielectric 
properties, has led to its wide use in 
the electrical industry. Stator windings 
of large motors and generators are in- 
sulated with it, not only for its dielec- 
tric properties but also for its increased 
thermal stability and moisture resist- 
ance. High thermal conductivity aids 
in dissipating heat. The insulation is 
flexible, resilient and shock resistant, 
enabling the unit to withstand vibra- 
tion and the expansion and contraction 
of adjoining metal parts. 

Encapsulation of transformers and 
small coils with silicone rubbers that 
are fluid in the unvulcanized form 
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Fig. 2 Right—Effect of heat on the tensile 
strength and elongation of organic and 
silicone rubber for various times. 


Fig. 3 Center—Effect of heat on the 
tensile strength and elongation of organic 
and silicone rubber for various times. 


makes possible waterproof, heat resist- 
ant, insulated units. Silicone rubber- 
insulated wire is excellent for high 
temperature application. It increases 
reliability under adverse operating 
conditions, and does not short out 
when the insulation is burned. 

Few materials will stick to the sili- 
cone rubbers. Use has heen made of 
this lack of adhesiveness in such items 
as rollers for heat-sealing plastic films 
and conveyor belts for sticky materials 
such as glues and foods. 

Silicone rubber is highly resistant to 
weathering or ozone. It can be sub- 
jected to intensely high ozone concen- 
tration for long periods without dem- 
onstrable change in properties. It is 
being used in high altitude equipment 
where organic rubbers deteriorate rap- 
idly because of increased ultraviolet 
radiation and high ozone content. 

The resistance of silicone rubber to 
chemicals, oils, and solvents varies 
from excellent to poor, depending on 
the particular material with which it is 
in contact. It has good resistance to 
weak acids and alkalis but can be de- 
stroyed by concentrated solutions. 

Aromatic solvents, such as benzene 
or toluene, and chlorinated solvents 
such as perchloroethylene, cause sili- 
cone rubber to swell badly, although 
upon evaporation of the solvent, the 
rubber returns to its original condition 
with properties virtually unchanged. 
Similarly, many of the higher alcohols 
tend to make silicone rubber swell but 
the lower alcohols such as methyl! and 
ethyl alcohol have little affect on it. 

In general, the high-aniline-point 
oils have little affect on silicone rub- 
bers while the low-aniline-point oils 
are bad. Hot ASTM No. 3 oil, for ex- 
ample, will cause deterioration, but 
ASTM No. 1 oil has little effect. Con- 
sequently, silicone rubber O-rings are 
used effectively in diesel electric en- 
gines where they are in contact with 
hot lubricating oil. 


REFERENCE: 


Properties and Applications of Silicone 
Rubber by S. A. Braley, Jr. Paper pre- 
sented at the ASME Semi-Annual Meet- 
ing, Cleveland, Ohic, June 17-21, 1956. 
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Fig. 4—Change in tensile strength and elongation of 
two major types of silicone rubber at low temperatures. 
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Fig. 1—Wear life of solid lubricants of varying hardness. 
Lubricant applied to a rotating 52100 steel specimen, 
sandblasted to 63 rms with a phosphate treated surtace. 
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Fig. 2—Wear life of solid film lubricants applied to specimen of 
various brinell hardness. Both oscillating and rotating specimens 
were sandblasted before chemical treatment. 


Factors influencing wear and friction of 


R. E. CRUMP, electrofilm corp., North Hollywood, Calif. 


Tut purpose of solid film lubricants is to prevent wear by 
separating the surfaces and to provide a low coefficient of 
friction. The duration of separation, plus the frictional 
properties during separation, of the rubbing surface deter- 
mines the effectiveness of the lubricant. To use solid film 
lubricants properly requires a knowledge of the numerous 
variables affecting wear and friction. The effect of these 
variables on test data are so interrelated that for clarity, 
wear and friction are treated separately. 

Molybdenum disulfide and graphite are the principal 
lubricating ingredients in most solid film lubricants. A sum- 
mary of the physical properties of these lubricants is given 
in Table I. These lubricating pigments are held together 
and bonded to the metal being lubricated by a thermo- 
setting resin binder. These binders are cured by air drying, 
a catalyst, or polymerized at elevated temperature. 


WEAR RATE OF LUBRICANT 

The wear rate of solid film lubricants is relatively low 
and dependent on two groups of variables: those that can 
be controlled during the composition and application of 
the lubricant and those determined by conditions of use. 
The first group includes such items as film hardness, binder 
to solid lubricant ratio, the type (or types) of solid lubricant 
used and lubricant thickness. The second group includes 
load, speed, metal hardness, and the treatment given the 
metal prior to the application of the film. 

Film hardness is controlled by compounding solid film 
lubricants with waxes of varying hardness and by adding 
quantities of a resin modifier. The resin modifier is a plas- 
ticizer with a tendency to soften the resin and give it some 
plasticity. The results of tests of solid lubricants with modi- 
fied film hardness, Fig. 1, show that wear life is dependent 
on, and decreases as film hardness is decreased. 
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The hardness of the metal that the film is applied to 
also affects wear life. Several metals of varying hardness 
are compared, Fig. 2, with the harder metals sustaining the 
longest wear life for both rotating and oscillating motion. 
These lubricant films rely for support of the load on elastic 
stresses in the metal to which the films are applied. Though 
the films deform at the areas of contact, the amount of 
contact area, Table II, is still governed by the hardness of 
the metal that the film is attached to. 

Volume worn per unit length of travel, Fig. 3, decreases 
with increasing metal hardness. Wear volume per distance 
traveled is much more dependent on metal hardness thar 
on type of motion. This indicates a strong correlation be- 
tween lubricant wear and the hardness of the metal lubri- 
cated, wear increasing as hardness decreases. 

The influence of load upon wear of solid film lubricants 
was checked and wear life in cycles vs load plotted. Fig. 4 
shows wear life to be approximately inversely proportional 
to load. The rate of wear for both oscillating and rotating 
motion is approximately the same. 

The effects of surface speed on a solid film lubricant is 
shown in Fig. 5, where total cycles to failure vs surface 
speed in fpm are plotted. Tests were conducted from ap- 
proximately 25 to 600 cpm on a 52100 steel test specimen. 
Results indicate that wear life of solid film lubricants in- 
creases with increasing speed through the range of speeds 
tested. The drop-off in wear life at the higher surface speed 
is probably caused by decomposition of the binder, the 
result of heat generated at higher surface speeds. Volume 
lost per unit length of travel is plotted, Fig. 5, showing a 
decrease in lubricant wear with increasing speed. 

The wear of these lubricants is shown, Fig. 6, to be de- 
pendent on the thickness of the film applied. Wear life is 
plotted against film thickness for three solid film lubricants 
of varying resin binder content. Above a certain film thick- 
ness the wear life dropped off markedly, for all binder to 
solid ratios. Wear life increases with film hardness, we can 
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Fig. 3—Volume worn per unit length of travel for rotating and Fig. 4—Wear life in cycles for varying loads applied 
oscillating speciments of various brinell hardness. Volume of lubricant to both rotating and oscillating specimens. Specimens 
worn increases as metal hardness decreases. were sand-blasted to 63 rms finish and phosphate treated. 
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assume therefore that beyond 0.0004 in. increasing the | 
thickness of the film causes a decrease in wear life re- 
gardless of the hardness of the solid film lubricant. 

Surface pretreatment is one of the most important vari- 
ables controlling the wear rate of solid film lubricants. 
Little is known, quantitatively, about its influence. Qualita- 
tively, it can be said that a clean irregularized surface in- 
sures good adhesion, an essential to good wear life. The 
effect of various surface pretreatments on wear life is 
plotted in Fig. 7. Processes which produce a metal surface 
conversion extend wear life longer than a plain sandblasted 4 | _loa 
surface. The contribution of pretreatment to endurance is 29 40 60 80100 200 400 600 cy/min 


‘ " 16 2.4 3.2 40 8 16 24 ft/min 
not entirely understood, it may merely increase the actual _ ere é 
ee ie . Fig. 5—Wear life in cycles and wear volume per unit length 
surface area, providing better adhesion of the solid film : : oo - aie 
: . ; traveled for various speeds in oscillating motion. Specimens 
lubricant to the metal bearing surface. 


; ' , é. : were sandblasted to 63 rms finish and phosphate treated. 
The stick-slip effect in solid lubricants is noticed during 


the period of impending failure. With a relatively large 1200 
contact area, galling and seizing of the metal does not 
occur immediately. Friction fluctuates drastically immedi- 
ately before failure, often setting up a resonant frequency 
resulting in a high-pitched squeak lasting several minutes. 
Measuring the decrease in thickness and the weight loss 
per unit time of a given solid film lubricant, Fig. 8, shows 
that the initial wear rate is high, approximately 0.1 milli- 
gram per minute. After approximately 30 minutes the wear 
rate decreases considerably. After one hour the wear rate is 
approximately 0.05 milligrams per hour and decreases as 
the thickness decreases. Part of the initial weight loss is 
caused by the sloughing off of loose surface particles. 
During the first few seconds of operation, the film thickness 
decreases rapidly. This dimensional loss is not accompanied Ge Asem binder 
with a proportionate weight loss indicating that the film is p= Pigment 


being compressed rather than worn away. Load 630 /bs 
Constant velocity 72 rpm 
40.342) (26 tpm) 


% i 


Fig. 6—Wear life in cycles for various lubricant thick- 
ness with resin binder to solid lube ratio as a parameter. On & P+ 3 som 4 
The numbers in parenthesis indicate wear rate in mg/hr. Initial film thickness 
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lable I—Properties of Solid Film Lubricants 


Table 1l—Characteristics of Rotating Metal Specimens 





Property MoS); Graphite 


f (Kinetic) 0 02-0 095 0.07-0.19 


om. Me etal 
Hardness, mh 1.0-2.5 1.0-2.0 
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| Area | Shear 
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(Measured Load Force x 10-3 (psi Brinnell Cale 
f Ib Ib sq in.) x 10 x 10 
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Fig. 7—Wear life to failure vs specimen pretreatment. 
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velocity and load held constant. This illustrates the 
high initial loss of weight and volume caused by 
removal of loose particles of solid lubricant pigment. 


FRICTION 


The frictional characteristics of solid film lubricants, 
unlike oils, greases, and metals, seem unpredictable be- 
cause the friction force is not always directly proportional 
to applied load. Factors influencing the frictional properties 
of solid film lubricants include; applied load, rotating and 
oscillating motion and the effect of metal hardness. 

The coefficient of friction is plotted as a function of 
elapsed running time, Fig. 9, for the film containing both 


C26 





Summary of Wear and Friction Data 


From the data illustrating the effect of variations 
in lubricant composition on film wear it can be 
concluded that: 

1. Wear life increases with increasing lubricating 
film hardness. 

2. Initial wear rate is high but slows down as the 
surface is compressed and burnished. Initial dimen- 
sional loss is due to film compression rather than 
material removal. 


From the data illustrating the effect of variations 
in lubricant application and use on film wear, it can 
be concluded that: 

1. Wear life is directly proportional to the hard 
ness of the metal being lubricated. 

2. Wear life decreases with increasing load. 

3. Wear life increases with increasing surface 
speed, between the limits of 0.8 and 24 fpm, 
because of the reduction in the coefficient of friction 
with increasing speed. 

4. Wear life and wear rate are dependent on 
lubricant film thickness and as resin binder te 
lubricant pigment ratio increases wear life increases. 

5. Wear life increases as surface 
metal lubricated, is improved. 


solid 


finish, of the 


From the data illustrating the effect of load, 
motion and metal hardness on the frictional char- 
acteristics of solid film lubricants, it can be con- 
cluded that: 

1. As 


decreases. 


load increases the coefficient of friction 

2. A rubbing motion tends to rearrange surface 
particles of solid lubricant such that laminar surfaces 
are parallel to the plane of motion. This is reflected 
in a decrease in the initial coefficient of friction to 
a steady state for constant speed and load. 

3. The coefficient of friction is directly proportional 
to the hardness of the metal lubricated. 











MoS, and graphite. The initial coefficient of friction is 
quite high, approaching 0.1, but decreases after 10 min to 
approximately 0.025 f. The period of high friction occurs 
simultaneously with the period of high wear rate. The 
reason for this high wear rate to continue after the coeffi- 
cient of friction reaches its minimum is not known. Know- 
ing the wear rate after the solid film lubricant has been 
burnished (it may be calculated from actual weight meas- 
urement), it is possible to predict wear life of the lubricant 
to within approximately 10 per cent 
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Fig. 9—Coefficient of friction versus elapsed running time. 
Velocity and load held constant at 630 Ib and 72 rpm. 
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As surface speed increases, Fig. 10, the coefficient of 
friction decreases. This indicates a dependency of wear 
upon the coefficient of friction, and why wear life increases 
with increasing speed. This is true up to the point where 
decreasing friction is offset by increasing temperature 
caused by increasing the speed of the test specimen. 

The f value as calculated from the recorded data of fric- 
tion force and load is shown in Figs. 11 and 12 for various 
loads and metals tested. The coefficient of friction of the 
solid film lubricant decreases as load increases. Observa- 
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Velocity held constant at 26 ft per minute. 
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Fig. 13—Coefficient of friction as a function of metal hardness 


for rotating specimens of various metals. Normal load held 
at 630 Ibs and speed at 72 rpm (26 ft per minute). 


tions, together with experimental data plotted in Fig. 9, 
shows particle rearrangement to produce a lower-than-initial 
resistance to motion. X-ray diffraction studies indicate that 
the solid lubricants arrange themselves so that laminar sur- 
faces are parallel to the plane of motion. It has been ob- 
served that as the film “wears in,” the coefficient of friction 
decreases to a steady state value for constant load and 
speed. In the case of oscillation, the direction of motion of 
the lubricant surface is reversed each cycle causing a slight 
surface rearrangement during each half cycle. This ac- 
counts for the f value being higher for oscillatory motion. 

As metal hardness incyeases, friction coefficient decreases 
(with the shear strength of the lubricant film constant) 
Correlation of this is given in Fig. 13 where the f value 
decreases as metal hardness increases. 


REFERENCE: 

Solid Film Lubricants-Factors Influencing their Mechanism 
of Friction and Wear by R. E. Crump, Electrofilm Corp., 
North Hollywood, Calif. Paper presented before the Joint 
Lubrication Conference of the ASME-ASLE, October 9, 1956, 
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From: Petroleum Processing 


PLASTICS...Properties and applications 


NOTE: 


Trade name < Plastic ® Chemical name 


Ace 

der ilan 
Acrylics 

icrylon 
Alathon 
Alfane 
Alkor 
Alkyds 
Allyl resins 
Alvar 
imeripol 
Amino resins 
A4Ampcoflex 
Araldite 
fropol 
Atlac 
itlastovon 
Bakelite 
Beetle 
Boltaron 
Butaprene 
Butvar 
Butyrate 
aprolan 
elanese 
‘ellophane 
elluloid 
el-O-Seal 
hemelec-300 
hemigum 
ibanite 
lorafin 


c 
c 
C 
c 
vf 
¢ 
( 
c 
c 
¢ 


ycolac 
Cymac 
Cymel 
Dacron 
Dapon 
Dekoron 
Devcon 
Disogrin 
Distrene 
Duralon 
Durcon 
Durez 
Durite 


Dylan 
Dylene 
Dyne/l 

Ecco 
Elastomers 
Ely anol 
Epon 

Epoxy resins 


Ethocel 

Ethylene polymers 
Exon 

I abric oid 
Fairprene 
Fluoroflex 
Fluoroplast 
Fluoron 

Fluran 

Foamed plastics 


Formica 
Formvar 
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chlorinated rubber 
acrylonitrile 

polymers of acrylic acid 
polyacrylic ester 
polyethylene 

Epoxy resin 

furan resin 

resins, from acid, alcohols 
polymers from allyl alcohol 
polyvinyl acetal 

synthetic rubbers 
urea-formaldehyde 
polyvinyl chloride 

epoxy resin 

polyesters 

polyester resin 

polyvinyl chloride 

(many type plastics) 
urea-formaldehyde 
polyvinyl chloride 
synthetic rubbers 
polyvinyl butyral 
cellulose acetate butyrate 
polycaprolactam 

(many plastics) 

cellulose film 

cellulose nitrate 
regenerated cellulose 
polytetrafluoroethylene 
butadiene-acrylonitrile 
aniline formaldehyde 
chlorinated paraffin 
Styrene alloy 

polymethyl styrene 
melamine resin 
polyethylene teraphthalate 
diallyl phthalate 

plastic coating 
plastic-metal powder 
polyester and diisocyanate 
polystyrenes 

furan resin 

epoxy 

(several types) 
phenol-furan, phenolformal- 
dehyde resins 
polyethylene 

polystyrenes 

copolymer, 

epoxy resin 

stretchable materials 
polyvinyl alcohol 
polymer resins 
epichlorohydrin and bisphen- 
ol-A reaction 

ethyl cellulose 


polyvinyl resins 
pyroxylin-coated 
elastomer-coated 
polyfluoroethylene 
polyfluoroethylene 
polyfluoroethylene 
polyfluoroethylene 
polyurethane isocyanate 
polystyrene polyvinyl chloride 
melamine-phenolic laminates 
vinyl formal resin 


Names of plastics in italics are trade names 


Manufacturer 


American Hard Rubber 
Chemstrand Corp 


Borden Co. 

Du Pont 

Atlas Mineral Products 
Atlas Mineral Products 


Shawinigan Products 
Goodrich-Gulf Chemical 


Atlas Mineral Products 
Ciba Co., Inc. 
Archer-Daniels-Midland 
Atlas Powder Co. 
Atlas Mineral Products 
Bakelite Co. 

American Cyanimid 

H. N. Hartwell & Son 
Firestone Plastics 
Shawinigan Resins 
Eastman Chemical 
Allied Chemical & Dye 
Celanese Corp. 


Celanese Corp. 

Du Pont 

United States Gasket 
Goodyear Tire & Rubber 
Ciba Co., Inc. 
Hercules Powder Co. 
Marbon Chemical Div. 
American Cyanimid 
American Cyanimid 
Du Pont 

Ohio-Apex Div. 
Samuel Moore & Co. 
Chemical Development 
Greer Industries 
British Resins Products 
U. S. Stonewares 
Duriron Co. 

Durez Plastics Div. 
Borden Co. 


Koppers Co. 
Koppers Co. 

Union Carbide 
Emerson & Cumming 


DuPont 
Shell Chemical 


Dow Chemical 


Firestone Plastics 

Du Pont 

Du Pont 

Resistoflex Corp. 

U. S. Gasket Co. 
Stokes Molded Products 
U. S. Stoneware 


Formica Co. 
Shawinigan Resins 


Application 


paints and lacquers 
clothing, insulation 
window glazing, signs 
a synthetic rubber 
pipe, sheeting 
mortar cement, 
mortar cement 
paints, lacquers 
varnishes, adhesives 
coatings, film 

hose, gaskets 
adhesives, coatings 
pipe and fittings 
electrical embedment 
helmets, tote boxes 
reinforced plastics 
sheet lining, pipe 


adhesives, coatings 
piping, ducts, hoods 


interlayer safety glass 
pipe, tool handles 
filters, clothing 


film, sheeting 

film, tool handles 
sealing closures 
gaskets 

hose, gaskets, belts 
grinding wheels 

oil additive 

pipe, ducts, tote box 
instrument panels 
table tops, laminates 
fire hose, ropes 
glass cloth 

coating tubing 
repairing, filling 
O-rings, valve seats 
pipe, covers 

cement, coating 
pumps, fans, valves 
pumps, covers 
instrument cases 


pipe, containers 
electrical parts 
clothing, filters 
adhesives, cast dies 


hoses, gaskets 
coatings, adhesives 
castings, laminates 


protective film 
containers, pipe 
pipe, coatings 

belts, cases 

gaskets, diaphragms 
gaskets, tubing 
gaskets 

gaskets 

gaskets 

insulation, cushioning, 
sound absorption 
rods, tubes, sheets 
wire enamel, metals 


Properties 


chemical resistance 
resistance to some acids 
clarity, transparency 
sunlight resistance 
inertness, flexibility 

acid resistance 

alkali resistance 
wearability, economy 
chemical-heat resistance 
adhesion 


resistant to mild acids 
corrosion resistance 
chemical resistance 
toughness 

corrosion resistance 
resists oxidizing acids 


resistance to mild acids 
corrosion-impact resistance 


adhesiveness and clarity 
tough, light 
abrasion, chemical resistance 


electrical insulation 

toughness 

resistance to oils, mild acids 
resistance to chemicals, heat 
resistance to oil, aromatics 
adhesives 

corrosive action 

toughness, chemical resistance 
heat resistance up to 212 F 
dimensional stability 
resistance to chemicals 
inertness 

corrosion resistance 

hardens as a metal 

resistance to oil 

impact strength 

resistance to acids 

corrosion resistance 

weather and chem. resist. 
chemical resistance 


corrosion, chemical resistance 
lightness, inertness 

resistance to organic solvents 
strength, mmertness 

flexibility 

resistant to gases and solvents 
durable, chemical resistance 
low shrinkage, adhesion 


resists moisture 

flexibility, inertness 

resists corrosion 

toughness 

chemical resistance 
heat-chemical resistance 
heat-chemical resistance 
heat-chemical resitance 
heat-chemical resistance 
abrasion-resistance, low 
moisture absorption, insulation 
durability, acid resistance 
adhesion, corrosion resistance 
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NONMETALLIC TERIALS AND FINISHES C 


Trade name < Plastic ® Chemical name Manufacturer Application Properties 


Forticel cellulose propionate Celanese Corp. guggies, tools resists aromatics 


Fortiflex polyolefin Celanese Corp tubing, containers chemical resistance 
Fostercast polyester, cast Westinghouse Corp skylights, tubs heat resistance, weathering 
Furane resins derived from furfural cements, coatings acid resistance 
Gafite polymethyl alpha chloroac- General Aniline glazing, cases resistant to acids and alkalies 
rylate 
Gelva vinyl acetate Canadian Resins coatings, sealers adhesion, solubility 
Geon polyvinyls B. F. Goodrich hose, belting, gaskets chemical resistance 
Glidpol polyester resin Glidden Co couling, Casting strength, weather resistance 
Glykon polyester resin General Tire & Rubber custings, coating resistance to corrosion 
Glyptal polyhydric alcohol and poly- General Electric coulings weather resistance 
basic acid 
Grex polyethylene W. R. Grace containers, liners heat-moisture resistance 
Haveg (many type plastics) Haveg Corp. tanks, pipe, valves acid, alkali resistance 
Heresite phenol-formaldehyde Heresite & Chemical ciectrical parts impact resistance 
Hetron polyester Durez Plastics Div. ductwork, skylights fire resistance 
Hi-Fax polyethylene Hercules Powder Co containers, pipe inertness, heat resistance 
Hycar synthetic rubbers B. F. Goodrich Chemical hose, gaskets, seals resistance to oils, solvents 
Hylene isocyanates Du Pont making foamed plastics adhesion, reaction 
Hypalon chlorinated polyethylene Du Pont gaskets, hose, liners resists ozone, solvents, acids 
Hysol epoxy Houghton Laboratories udhesives, embedment low shrinkage, impact resists 
vinyl plastisols Houghton Laboratories coatings wear, chemicals 
Indur phenol-formaldehyde Reilly Tar & Chemical electrical parts impact resistance 
Inorganic plastics glass-bonded mica electrical parts temperature resistance 
Insurok phenolic sheets Richardson Co gears, washers, tubes impact resistance 
Irrathene irradiated polyethylene General Electric containers, pipe heat resistance 
Isocyanates polyurethanes insulation, coatings chemical resistance 
Kel-F polychlorotrifluorethylene M. W. Kellogg Co. packing, pipe, valves inertness, heat resistance 
Kodapak cellulose acetate Eastman Kodak Co packaging; electrical toughness, insulation electrical 
Korez phenol-formaldehyde Atlas Mineral Products acid-proof cement acid resistance, adhesion 
Koroseal vinyl chloride B. F. Goodrich Co hose, covers, pipe chemical resistance 
Kralastic styrene acrylonitrile polymer Naugatuck Chemical pipe, gears, wheels toughness, resists chemicals 
Krene vinyl films Bakelite Co. tarpaulins, coatings durability, lightness 
Laminac polyester resins American Cyanimid tanks, boats reinforcement of glass fibers 
Lemac vinyl acetate Borden Co coatings, sealers adhesion, solubility 
Lemol vinyl alcohol Borden Co hose, gaskets resist oils and gases 
Lucite methyl methacrylate Du Pont signs, lights light transmission, impact 
Lustrex polystyrene Monsanto tile, cabinets dielectric strength, hardness 
Maranyl nylon compounds Imperial Chemicals Ind gears, containers abrasion, chemical resistant 
Marblette phenolics, epoxies Marblette Corp adhesives, coatings, inertness, water resistance 
Marco polyester resins Celanese Corp. electrical embedment flame, corrosion resistance 
Marlex polyethylene Phillips Chemical Co pipe, bottles, film toughness, chemical resistance 
Marvinol polyvinl chloride Naugatuck Chemical Div wire covers, hose, pipe chemical resistance 
Melamine resins melamine-formaldehyde adhesives, finishes, boilproof, arc resistance 
Melantine melamine resin Ciba Co., Inc. dinnerware, handles impact strength 
Melmac melamine resin American Cyanamid dinnerware (see Cymel) 
Micabond mica with binder Continental-Diamond Fibre __ tape, tubing insulation against heat 
Micarta laminated plastics Westinghouse Electric tanks, valve bodies chemical resistance 
Mylar polyethylene terephthalate Du Pont insulating tape, tapes high strength, chem. resist. 
Mycalex glass-bonded mica Mycalex Corp electrical parts electrical insulation 
Nebony petroleum resin Neville Chemical Co. floor tiles, adhesives resistance to moisture 
Neillite phenolic resins Watertown Mfg. Co. electrical parts corrosion resistance 
Neoprene polyem of 2-chlorobutadiene- Du Pont gaskets, hoses, linings resistance to oil, ozone 
2 
Nitron cellulose nitrate Monsanto Chemical optical frames resilience 
Novolaks phenol-formaldehyde resins varnishes can become thermosetting 
by curing 
Nylon polyamides bearings, gears, bristles abrasion chemical resistance 
Opalen vinyl chloride Monsanto Chemical handles, electrical parts resists abrasion, chemicals 
Orizon polyethylene Monsanto Chemical containers, film chemical resistance, toughness 
Orlon acrylonitrile polymer Du Pont filters, clothing resistance to acids 
Paracril Buna-N, nitrile synthetic Naugatuck Chemical hose, gaskets resistance to oil and gasoline 
Paradene coumarone-indene Neville Chemical Co coatings, asphalt tile water resistance 
Paraplex polyester resins Rohm & Haas glass fiber laminates resistance to weathering 
Parapol styrene-isobutylene Enjay Co. 
Parlon chlorinated rubber Hercules Powder Co 
Penton chlorine polyether Hercules Powder Co. valves, gears, rope chemical, abrasion resistance 
Perlon isocyanate Farbenfabriken Bayer bristles abrasion, chemical resistance 
Perspex methyl methacrylate Canadian Industries Ltd. 
Petrothene polyethylene U. 
Phenolics resins of phenol-aldehyde 
condensation 
Plaskon (many plastics) Barrett Div. 
Plastisols mixtures of resins and 
plasticizers 
Plastacele cellulose acetate Du Pont 


film, coating 
paints corrosion resistant film 


glazing, lenses light transmission, weathering 
S. Industrial Chemicals wire covering electrical insulation 


adhesives, electrical parts corrosion resistance, dielectric 
strength 


molding, casting 


face shields, covers resistant to hydrocarbons 
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PLASTICS . . . Properties and applications (continued) 


Trade name <4 Plastic ® Chemical name 


Plasticizer 
Plexiglas 
Plio-Tuf 
Pliovie 


Polyamides 
Polyesters 
Polyethylene 


Poly-Eth 
Polylite 
Reinforced Plastics 


Resimene 
Resinox 
Resins 
Riji-Tuf 
Resistoflex 
Rulan 
Saflex 
Saran 
Seilon 


Silastic 
Silicones 


Stokoflex 
Stypol 
Styrex 
Styrofoam 
Stereospecific plastics 
Styron 
Super Dylan 
Sylplast 
Synthane 
Synvar 
Teflon 
Tenite 
Terylene 
Textolite 
Thiokol 


7 ranslux 
Tyogofil 
iygon 
Tynex 
Ultramid 


ltron 
rea 


‘elon 


resins 


ersamid 
‘ibrin 
icara 


invfoam 
invlite 
inyls 
inyon 
invon HH 
ipla 
isqueen 


‘iton 


Vulcanized fibre 
Vyvgen 


Zein 
Zytel 


C30 


high boiling solvent 

methyl methacrylate 

styrene copolymer 

vinyl chloride polymers 
polymers with amide 
linkages (nylons) 

resins from polyhydric 
alcohols and polybasic acids 


polymerized ethylene 


polyethylene 

polyester resins 

plastics reinforced with fibers 
(glass ) 

melamine resins 

phenolic resins 

solid or semi-solid organic 
products 

styrene compound 

vinyl alcohol compound 
polyethylene compound 
vinyl butyral 

vinylidene chloride 
polyvinyl chloride, or 
modified styrene 

silicone rubber 

silica and methyl chloride 
product 

styrene compound 
polyester-styrene 
acrylonitrile-styrene 
foamed styrene 

isotactic polymers 
polystyrene 

polyethylene 

urea resin 

laminated plastics 

urea, phenolic resins 
polytetrafluoroethylene 
(several plastics) 
polyethylene terephthalate 
laminated plastics 
polymers from 
dichlorodiethyl-formal 
an alkali polysulfide 
polyester sheet 
cast epoxy 

vinyl chloride 
nylon filaments 
polyamide 


and 


vinyl chloride 
urea-formaldehyde 
vinyl types 
polyamide resins 
polyester resins 
corn protein 


vinyl plastisol 

vinyl plastics 
polymerization of chemicals 
vinyl resin 

vinyl fiber 

polyvinyl chloride resin 
polyethylene film 
vinylidene fluoride, 
hexafluoropropylene 
copolymer 

laminate built up from cotton 
cellulose paper 

polyvinyl chloride resin 
corn protein (prolamine) 
nylon resin 


Manufacturer 


Rohm & Haas 
Tire & Rubber 
Tire & Rubber 


Goodyear 
Goodyear 


Chemical Co. 
Reichhold Chemicals 


Spence! 


Monsanto Chemical Co. 
Monsanto Chemical Co. 


American Hard Rubber 
Resistoflex Corp. 

Du Pont 

Monsanto Chemical Co. 
Dow Chemical 
Seiberling Rubber 


Dow Corning Corp. 


Stokes Molded Products 
H. H. Robertson Co. 
Dow Chemical Co. 

Dow Chemical Co. 
Montecatini 

Dow Chemical Co. 
Koppers Co. 

Sylvan Plastics 
Synthane Corp. 

Synvar Corp. 

Du Pont 

Eastman Chemical Products 
Imperial Chemicals Inc. 
General Electric Co. 
Thiokol Chemical 


American Polyglas Corp. 
U. S. Stoneware Co. 

U. S. Stoneware Co. 

Du Pont 

Badische Anilin & Soda- 
Fabrik A. G. 

Monsanto Chemical Co. 


Firestone Plastics 

General Mills 

Naugatuck Chemical Div. 
Virginia-Carolina Chemical 
Corp. 

Interchemical Corp. 
Union Carbide 


Carbide 
American Viscose 
Montecatini (Chemore) 
Visking Corp 

Du Pont 


Union 


General Tire & Rubber 


Du Pont 


Application 


flexibility, softness 
goggles, glazing 
hoods, tote boxes 
hose, gaskets, tubing 
valve seats, gears, 
bristles, bearings 
casting, reinforcing 


containers, pipe coatings 
packaging film 
containers, pipe film 
housings, laminations 
tanks, ducts, hulls 


housings, adhesives 
grinding wheels, linings 
plastics, adhesives 


housings, cases 
tubing, gaskets 

wire insulation 

safety glass interlayer 
pipe, screens, filters 
sheets, plates 


diaphragms, gaskets 
greases, gaskets, 
insulation 

cases, pipe fittings 
electrical equipment 
pipe, ducts 
insulation 

fibers, films, rubbers 
electrical parts 

pipe, containers, cases 
adhesives, housings 


diaphragms, gaskets 

pipe, containers, film 
filters, clothing 

gears, electrical insulation 
hose, sealants, gaskets 


panels, roofing 
patching, molding 
tubing 

brushes, sutures 
gears, pipe, bearings 


vapor barriers,panels 
adhesives, coatings 
hose, screens, coverings 
adhesives, coatings 
reinforced plastics 
textile fibers 


cushions, insulation 
hose, coatings 
coatings, sheets, films 
textile fibers 

filters, work clothing 
pipe, valves, ducts 
vapor barrier, covers 
gaskets, seals 


gears, washers, valves 
pipe, valves, ducts 


coatings, films, fibers 
bellows, gears, bearings 


Properties 


to modify plastic resins 
transparency, shatterproof 
toughness, resistant to heat 
chemical resistance 

strength, abrasion resistance, 
low coefficient of friction 
heat resistance weathering, 
corrosion resistance 
resistance to solvents, 
chemicals, water; flexible 
(see above) 

weathering, corrosion resistance 
corrosion resistance, high 
strength, easily formed 
boilproof, corrosion resistance 
corrosion resistance, binding 
water insoluble, no definite 
melting point 

impact strength 

resistant to hydrocarbons 
does not support combustion 
clarity, weathering 

resists acids and alkalies 
corrosion resistant 


low temperature flexibility 
heat stability, resists oxidation 


toughness, heat resistance 
heat resistance, insulation 
chemical resistance, hardness 
chemical resistance 

high strength, heat resistance 
dimensional stability 

high strength, chem. resist. 
water resistance 


inertness, heat resistance 


chemical resistance 
corrosion resistance 
resists oil, oxygen, solvents 


light transmission, weathering 
strength, chemical resistance 
inertness, toughness 
resists solvents, acids, abrasion 
resists oils, solvents 


toughness, inertness 

resist water, mild acids 
corrosion resistance 

binding strength 

strength, chemical resistance 
comparable to wool 


insulation, sound deadening 
chemical resistance 


chemical resistance 
chemical resistance 
corrosion resistance 

water impermeability 
resists corrosive chemicals, 
flexible after exposure to air, 
oils 

high strength, electrical 
insulation 

chemical resistance 
soluble in organic solvents 
high strength, low friction 
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From: Enjay Company Inc. Bulletin 


NONMETALLIC MATERIALS AND FINISHES 


Some characteristics 
of butyl rubber 


Butyl is produced by copolymerizing isobutylene with small amounts 


of isoprene at minus 150 F. This synthetic rubber has resistance to: 


heat and aging, tear and flexing, and abrasion. It has excellent 


electrical properties, impermeability to gases, resilience, low tem- 


perature flexibility, and ozone resistance. 


foo, 
C ) 


Noturol 


“ 


Ozone resistance of butyl is graphically 
demonstrated when compared with 
natural rubber and GR-S. The above 
are all representative samples of com- 
mercial synthetic and natural tubing. 
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Buty! Notural 


Effect of heat aging on elongation of 
butyl, GR-S and natural rubber. Values 
are the per cent elongation retained 
after 20 hours in the air bomb at 260 F. 
Butyl retains almost all its elongation. 
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Tear resistance of butyl and natural 
rubber. Unaged natural rubber compound 
has a high tear resistance. But after two 
days aging in air at 250 F butyl has a 
higher tear resistance than the others. 
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15 20 
Per cent slip 
Abrasion loss vs per cent slip. At low 
degrees of slip butyl resists abrasion 
better than GR-S; at higher degrees of 
slip the reverse occurs. This shows the 
soft yet strong nature of butyl. 
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Current rating of butyl and oil-base type 
insulation. High heat resistance of butyl 
enables a higher current to be carried 
in a cable of given diameter. Increased 
rating also provides a safety factor. 


500 


Liters /sqm/lOmiis/24hr, pure gum vuiconizotes 
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Impermeability to gases and moisture 
vapor. Butyl is superior to natural rubber 
and GR-S at all temperatures up to 
400 F. Values are shown for four com- 
mon gases met in most applications. 
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Shock absorption characteristics of butyl, 
natural rubber and GR-S. The resiliency 
of butyl can be changed considerably by 
using selected plasticizers or by processing 
modifications. Time is about halved. 





Product Engineering — Mid-October, 


C31 





Tough, wear-resistant bearings of ZYTEL* nylon resin 


outperform conventional materials in helicopter rotor 


“This application has solved all spar- 
tube galling problems,” reports the 
Rotor Group Engineer at Doman Heli- 
copters, Inc. “By eliminating galling 
problems in the Doman Rotor, there is 
no longer a need for field maintenance 
of the blade-retention system.” 

The application: a liner of ZyYTEI 
nylon resin in the main rotor-blade 
bearing packs which support spar tubes 
in the arm of the rotor hub. The use of 
ZyTEL solved a problem of fretting 
corrosion which destroyed other sleeve 
bearings. 

The excellent bearing characteristics 
and toughness of ZyTet solved this 
engineering design problem. Other de- 
sirable mechanical properties include 
ease of fabrication by molding or ma- 
chining from stock, strength in thin 
sections and resistance to impact. 

Many uses of ZyYTEL are based also 


on its good electrical insulating prop- 
erties. ZYTEL nylon resin is rated for 
intermittent operation up to 250°F.; 


SLEEVE BEARING of ZYTEL supports spar tube in the 
arm of helicopter rotor hub. Bearing is 2” in 
diameter, 6” in length. Toughness of ZYTEL en 


for continuous operation at such ele- 
vated temperatures, heat-stabilized 
grades are available. ZYTEL resists the 
action of many common chemicals. Be- 
cause of the low-friction characteristics 








ables it to outperform other bearings. Spar-tube 
life is extended, maintenance reduced. (Made by 
Doman Helicopters, inc., Danbury, Connecticut 


and resiliency of ZYTEL nylon resin, 
gears, cams and bearings operate quiet- 
ly, with little or no lubrication. Com- 
plicated shapes can be molded to 
precise dimensions around inserts. 





CYLINDER PLUG for door lock is molded 
of Du Pont ZyTet nylon resin. Cylinder 
lubrication is not necessary because of 
the low coefficient of friction of ZyYTEL. 
rhe cylinder plug does not stick and turns 
smoothly in the lock. Unlike certain met- 
als, the cylinder plug is corrosion-resistant 
and weatherproof and is not subject to elec- 
trolytic action. The hardness, durability 
and the abrasion resistance of ZYTEL nylon 
resin help insure against wear, and provide 
long service life for all parts molded of 
ZyTeL. (Door lock manufactured by The 
laylor Lock Company, Philadelphia, 


Pennsylvania. ) 


‘ 


INTRICATE TUNING SHAFT for radio selec- 
tor mechanism is precision-molded of 
ZyYTEL nylon resin. The shaft needs no 
lubrication yet operates easily. It is non- 
magnetic and has high electrical resist- 
ance. Stiffness and torsional strength are 
more than adequate. Shaft has integrally 
molded gears, washers, holes, bevel and 
step. Considerable savings in fabrication 
costs over metal were realized. Compo- 
nents of ZYTEL nylon resin usually need no 
further finishing after molding. (Molded 
by Engineered Nylon Products, South 
Bend, Indiana, for Granco Products, 
Long Island City, New York.) 


ILLUMINATOR LENS made of Du Pont 
Lucite® acrylic resin distributes soft, even 
light throughout the interior of the new 
Norge Home Freezer. Located in the door, 
the lens also serves as an attractive name 
plate. Du Pont Lucire is strong and tough 

. has remarkable optical properties, 
transmitting 92% of impinging light. 
Lucire has high resistance to shattering 

.good dimensional stability. (The 
Lucite lenses shown above molded by 
Stimsonite, Division of Elastic Stop Nut 
Corporation of America, Chicago, Illinois; 
Freezer by Norge Sales Corporation, 
Chicago, Illinois.) 
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Thin-walled tubing of TEFLON” 
resins withstand soldering 
temperature, simplify assembly 


TEFLON tetrafluoroethylene resins main- 
tain high dielectric strength at elevated 
temperatures. They also have high surface 
resistivity, dropping only to 10° ohms at 
100% relative humidity. TEFLON main- 
tains full electrical insulating characteris- 
tics, even when flexed or bent during as- 
sembly and installation. This combination 
makes it possible to miniaturize an elec 
trical assembly without fear of dielectric 
failure. 

For example, thin-wall tubing of a 
TEFLON resin simplifies assembly of com- 
ponent parts in a series of miniature 
rotary tap switches. Since TEFLON resins 
will not burn, melt or decompose when 
connections next to them are soldered, as- 
sembly of switch parts is easier, faster, 
and the possibility of accidental grounding 
is minimized. The thermal stability of 
TEFLON resins, even in thin sections, is 
demonstrated in this tubing where the wall 
thickness is only .014”. The nominal inside 
diameter is .075”. TEFLON resins meet 
Class H, AIEE standards for maximum 
insulating temperatures. 

TEFLON resins are non-flammable, have 
good mechanical strength and are com- 
pletely unaffected by sunlight or outdoor 
weathering. They have zero water absorp- 
tion by ASTM test D570-42, resist corro- 
sion and growth of fungus, are chemically 
inert. 





Carburetor bearing problem 
solved with TEFLON” resins 











Carburetor bearings of a TEFLON resin 
are used on the secondary throttle shaft of 
carburetors in all 1957 models of two pop 
ular cars. “Self-lubricating” property of 
TEFLON eliminated a serious problem of 
slip-stick action of the shaft caused by 
gums in gasoline. The use of carburetor 
bearings of TEFLON eliminated the neces- 
sity for chrome-plating the shafts. Top 
product performance is assured, at de- 
creased manufacturing costs. (Carburetor 
by Holley Carburetor Company, Van Dyke, 
Michigan; bearings by Modern Industrial 
Plastics, Inc., Dayton, Ohio.) 


Chemical inertness, high flex strength of TEFLON” resins 
are featured in pumps handling powerful corrosives 
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‘*PULSAFEEDER'’ DIAPHRAGM PUMP employs 
a tough, flexible diaphragm of a chemically inert 
TEFLON tetrafluoroethylene resin. Model shown is 
a triplex assembly used in handling hydrogen per- 
oxide, sodium hydroxide and sodium silicate for 


The Lapp “Pulsafeeder” can be used 
as a metering pump or as a propor- 
tioner, pumping two or more liquids in 
an established ratio. In the case of 
highly corrosive fluids, it depends on 
tough, flexible diaphragms of a TEFLON 
tetrafluoroethylene resin for resistance 
to chemical attack plus high strength. 
On the piston side of the diaphragm, 
TEFLON tetrafluoroethylene resins are 
unaffected by any type of oil used as the 
hydraulic activating medium. On the 
pumpage side, TEFLON resins are com- 
pletely inert to acids, aliphatics, aromat- 
ics, chlorinated hydrocarbons, alkalies 
and, in fact, almost any chemical or 
solvent in commercial use. The few ex- 


SEND FOR 
INFORMATION 


Room 1310, 


For additional property and 
application data on 
LUCITE® acrylic resin, 
TEFLON® _tetrafluoroethy!- 
ene resins and ZYTEL® 
nylon resin, mail coupon. 


Street 
City 


Nome___ 


Company 


bleaching fabrics. (Flexible diaphragm of TEFLON 
trademarked Fiuorlastic by the Joclin Manufactur 
ing Company, Wallingford, Connecticut; pump by 
Lapp Process Equipment Division of the Lapp insu 
lator Company, inc., Leroy 6, New York 


ceptions to this include attack by the 
alkali metals under certain conditions. 
At high temperatures and pressures, 
halogens and certain halogenated chem- 
icals and solvents may also affect 
TEFLON. TEFLON is rated for use to 
500°F. and does not become brittle 
even at temperatures near absolute zero. 

TEFLON 1, TEFLON 5 and TEFLON 6 
resins may be used to make durable 
components such as seals, gaskets, 
packings and bearings. They are superb 
dielectrics. 

The properties of TEFLON resins may 
have application in one of your own 
designs. Mail the coupon for a full 
report on uses and characteristics. 


E. 1. du Pont de Nemours & Co. (Inc.), Polychemicals Dept. 
Du Pont Building, Wilmington 98, Delaware 


Please send me more information on the Du Pont engineering 
moterials checked: [ 
interested in evaluating these materials for 


ZYTEL; ["] TEFLON LUCITE. | am 


Position 


State 


Type of Business 


1N CANADA: Du Pont Company of Canada (1956) Limited, P. 0. Box 660, Montreal, Quebec 





FIRESTONE PLASTICS CO. 


Chemical Sales Division—Dept. 743H, Pottstown, Pa. 
A Division of the Firestone Tire and Rubber Company 


THE PIN-POINTED PROPERTIES OF 
Firestone 


EXON RESINS 


G/VE YOU SHORT CUTS TO FINER PRODUCTS 





Here are just 9 of the many different ways industry's most complete line of specifically 
engineered vinyl resins answer specific production needs. 


EXON 402-A-—Top corrosion-fighter in industry. Can be EXON 450—Ideal for strip coatings. Good solubility, film 
processed into a variety of useful forms such as sheets and tensile strength and durability. 

rods. Can be cemented or welded. Lightweight, easy to 

work 








EXON 468—Engineered for flooring. High bulking density EXON 470-—Exhibits excellent adhesion to metals, alkyd 

increases banbury output 10 to 25%. Fast fusing at low and vinyl surfaces. Compatible with a wide range of drying 

temperatures for much easier, more efficient processing. oils, alkyds, phenolics, melamines. High solubility in inex- 
pensive solvents. 


PLUS . . . EXON 461-—a unique fluorine-containing resin combining high solubility, unusual chemical 
resistance, heat stability and weatherability. 


EXON 500-—specifically engineered for wire insulation with superior electrical properties. 
EXON 700 XR 59-—an exceptionally fast-fusing latex for impregnation. 
EXON 485-—For superior strip coatings. Lower viscosity makes application easier and shelf- 


lift better. Good clarity. 
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EXON 471—Excellent weatherability and durability in a 
protective coating. Corrosion resistant. No measurable 
change after sunlamp exposure for 360 hours as 1 mil film. 








EXON 481-—Makes possible colorful, abrasion-proof, wash- 
able coatings that resist fading or cracking. 


EXON 905-915-925—Temperature tailored, they free your 
processing from restrictions due to temperature limitations. 
Blend speedily, fuse quickly. 


The versatility of Exon vinyl resins has been demon- 
strated in far more applications than we have space to 
describe. The uses mentioned only typify the economy, 
efficiency, and ease of processing for which these resins 
are engineered. 
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EXON 480-—For phonograp! 
and easy processing at | 
patible with extender resit 


EXON 654-—The versat 
foam tailored to your 
molding, rotational cast 
grinding 





Firestone 





For complete information 
or technical service, 
call or write: 


CHEMICAL SALES DIVISION 
FIRESTONE PLASTICS COMPANY 
DEPT. 743H, POTTSTOWN, PA. 

A DIVISION OF 
THE FIRESTONE TIRE AND RUBBER CO. 

















DESIGN ACHIEVEMENTS WITH SUPRAMICA ceramoplastics 


SUPRAMICA ceramoplastics....... 


MOLDED OR MACHINABLE HIGH TEMPERATURE INSULATION 


Supramica ceramoplastics, the world's most nearly perfect high temperature 
insulations, are formulated with SYNTHAMICA* synthetic mica. Supramica 
possesses high temperature and thermal shock resistance, and complete 
dimensional stability. Thermal expansion coefficients are the same as steel 
They have low electrical loss, excellent arc resistance, high dielectric 
strength, and are impervious to moisture, oil and organic solvents, 
with permanent resistance to radiation 


SUPRAMICA* 560 — New insulation for continuous operation at 500° C 
(932° F). Lightweight material can be precision molded with fragile inserts 
specified for conditions which no other material can meet! Specific 

gravity similar to that of aluminum or mineral-filled polyesters 

perfect for relay bases, connectors, radomes, tube sockets and other 
components for high temperature use 

SUPRAMICA* 555 — Precision-molded ceramoplastic having high-temperature 
endurance up to 750° F. Moldable with or without inserts 

SUPRAMICA* 500 — Compression-molded ceramoplastic sheets and rods 

for use at temperatures up to 900° F. Readily machinable; not precision 
moldable. Inserts must be cemented 


MYCALEX’ glass-bonded mica. . . 


MOLDED OR MACHINABLE ELECTRICAL INSULATION 


Mycalex glass-bonded mica formulations have been recognized for 
many vears as high-temperature, high-frequency insulation . . . impervious 
to oil and water, resistant to high temperatures, with total, permanent 
dimensional stability and thermal expansion coefficient equivalent to that of 
insert metals . . . resistant to radiation 


MYCALEX 410* Glass-bonded mica precision-molded with or without inserts, 
for applications involving temperatures up to 650° F. 

MYCALEX 400* Standard compression molded glass-bonded mica for 

operating temperatures to 850° F. Readily machinable, but not moldable 
Inserts must be cemented. 

MYCALEX* 385 Glass-bonded mica with excellent resistance to circuit 

breaker arcing and thermal shock, for continuous operating temperatures 

up to.700° F. Readily machinable, but not moldable in intricate shapes. 
MYCALEX* K (machinable) and KM (moldable) Glass-bonded mica capacitor 
dielectrics with higher dielectric constant indicated by numbers 10, 20, 30. 


* “SUPRAMICA”, “MYCALEX", 400", “410” are Le istered trade-marks of 
MYCALEX CORPORATION OF AMERICA: “500” “560" and 385" are 
trade-marks of MYCALEX CORPORATION OF AMERICA 


“SYNTHAMICA" is a trade-mark of SYNTHETIC MICA CORPORATION, a subsidiary 
of MYCALEX CORPORATION OF AMERICA. 
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High-temperature relay and switch parts precision molded of 
SUPRAMICA 560 ceramopiastic 
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Stable tuner base precision molded from SUPRAMICA 555 
ceramoplastic with fragile silver ribbon insert 
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Insulated spark gap cover plate fabricated from 
SUPRAMICA 500 ceramopliastic 
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— shock potertiometer parts precision molded with stee! 
supporting inserts — MYCALEX 410 glass-bonded mica 
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Radar insulating parts fabricated from MYCALEX 400 
glass-bonded mica 
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Circuit breaker arc chute fabricated from MYCALEX 385 
glass-bonded mica 
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AND MYCALEX* glass-bonded mica............24. 


MYCALEX TM telemetering switches 


WITH SUPRAMICA CERAMOPLASTIC COMMUTATOR PLATES ASSURE 
RELIABLE OPERATION UNDER EXTREME CONDITIONS 


Precision-molded Supramica ceramoplastic commutator plates have 
an introduced a degree of accuracy and sustained dependability never before 
‘=> ) approached in telemetry. Where warpage of only .0002” of the commutator 
plate will distort and destroy the value of the signal, these precision 
switches withstand extremes of temperature, altitude, shock and vibration 
and deliver a clean, unvarying signal tests show completely satisfactory 
performance of these switches after more than 1000 hours at 1200 RPM 
In military and industrial applications, Mycalex TM Telemetering Switches 
with Supramica ceramoplastic commutator plates have made significant 
contributions to the reliability of electronic equipment 


MYCALEX TM Commutation Switch with commutater plates MYCALEX ELECTRONICS CORPORATION 


SYNTHAMICA synthetic mica... . 


Plate is CP-346, 2-poles, 360 contacts. 

Available in commercial quantities, as powder, flake or crystal, and in 
chemically bonded sheets for all applications in the electronic, communications 
and related industries. Manufactured from readily available native raw 
materials, Synthamica synthetic mica is an important contribution to the 
development of military and civilian electronics 

Synthamica synthetic mica is chemically pure, hydroxyl free, and will 
withstand temperatures almost twice as high as its natural counterpart. One 
: of the outstanding properties of this crystal clear material is the freedom 
ee eee ae a from outgassing at elevated temperatures and pressures 
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SYNTHETIC MICA CORPORATION 
ee —_ A Subsidiary of MYCALEX CORPORATION OF AMERICA 
= => 1 
AWS > MYCALEX tube sockets......... 


High temperature tube sockets made from Supramica ceramoplastic and 
Mycalex glass-bonded mica are produced under exclusive license of 
Mycalex Corporation of America 

Supramica 560 ceramoplastic tube sockets have successfully passed 
operating tests at 500° C. 


-— 
— 
RS He 


"nooo ae MYCALEX TUBE SOCKET CORPORATION 


miniature and subminiature types. 


Write today for complete technical information con- 
cerning any of the above products or materials. 


ivi ! - A L E. xX GENERAL OFFICES AND PLANT EXECUTIVE OFFICES SALES OFFICES 


CLIFTON BOULEVARD 30 ROCKEFELLER PLAZA CHICAGO DAYTON 


CORPORATION OF AMERICA CLIFTON, NEW JERSEY NEW YORK 20. NEW YORK LOS ANGELES Miami 


WASHINGTON 
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LEADERS 1N SURFACE TREATMENTS FOR METALS 





Control Corrosion, Increase Production 
Improve Quality of Metal Products 


For over 43 years—the leader in the field of surface treatments for metals. That’s 
Parker Rust Proof Company. 
Since its beginning, Parker has dedicated all its facilities to waging a constant 
war against corrosion—nemesis of the metal working industry. Through continuing 
research, exhaustive tests and careful observance of performance in the field, 
Parker has developed a comprehensive line of quality treatments for metals. There 
are Parker Products to control corrosion, aid production, improve quality and en- 
hance the appearance and durability of the metal products on which they are used. 
If you have a problem involving surface treatments for metals, call in the Parker 
man! He can help you make important savings in time, money and materials. 


THE PARKER LINE 
BONDERITE 


—corrosion resistant paint base. This non-metallic phosphate coating 

anchors paint, guards against rust and corrosion on steel, aluminum, zinc 

and cadmium. Prolongs fine appearance and durability of paint finish. 

NEW! 700 Series Bonderites for treatment of aluminum and its alloys. 

These Bonderites produce uniform coatings of high uniform quality, in 

color (golden or green). Solutions may be used indefinitely without dis- 

carding. ‘ / 
BONDERITE AND BONDERLUBE C 

—aids in cold forming of metals. By providing more efficient, effective 

lubrication, this combination has extended the cold forming of metals to 

allow deeper draws, more severe extrusions. 


PARCO COMPOUND 
—rust resistant. Provides corrosion protection for iron and steel. Industry’s 
standard rust-resistant product for 43 years. 


PARCO LUBRITE 
—wear resistant for friction surfaces. Oil absorbent, non-metallic coating 
for pistons, cylinder walls, gears, valves, rings and other friction surfaces. 
Faster break-in without scoring means longer subsequent life. 


PARCO CLEANERS 
—a line of special alkali, acid and emulsion type cleaners which remove 
grease and soil, and condition the metal to produce fine-grained Bonderite 
coatings at reduced cost. 


TROPICAL PAINTS 
—The Tropical Paint Company, a Parker subsidiary, has supplied industry 
with a complete line of heavy-duty maintenance paints since 1883. 


*Bonderite, Bonderlube, Parco Compound, Parco Lubrite, Tropical— Reg. U.S. Pat. Off. 


2159 E. MILWAUKEE, DETROIT 11, MICHIGAN 
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HAVE YOU MET THE 


SIRLIGONES MAN 2 


Hen tell you the story of the “impossible” rubber that helps deliver a hot blast to cold jets... 


or the case of the 3600 mph wind tunnel. Perhaps you'll want him to tell how he helped seal a delicate 
gyroscope ...or show you the brick that floats. Here’s a man with a thousand success stories 
about UNION CARBIDE Silicones. 

But the Silicones Man is in reality many men—in sales engineering, technical service, research, 
and development —all working together as the Silicones Division of UNION CARBIDE. Between 
them they possess tremendous knowledge about the wonderful world of silicones. There’s 
a Silicones Man in most major cities. Put him to work on your problems today. For a 
complete description of many silicone products, write for the booklet “Look to 
UNION CARBIDE for Silicones,” Dept. PDS-13, 


Silicones Division, Union Carbide Corporation, 


30 East 42nd Street, New York 17, N. Y. iE} Site) § 


The term “Union Carbide” is a registered trade-mark of UCC. 
TRAGE- MARK 
In Canada: Bakelite Company, Division of Union Carbide 


Canada Limited, Toronto 7, Ontarie 








DU PONT ELASTOMERS 


NEOPRENE 


A general-purpose elastomer 


Neoprene was the first general-pur- 
pose synthetic rubber produced com- 
mercially in this country. In me- 
chanical properties, it has all of the 
virtues of natural rubber: excellent 
strength and resilience, excellent re- 
sistance to abrasion and flex fatiguc. 
In addition, neoprene retains these 
mechanical properties under service 
conditions that deteriorate natural 
rubber. 


Neoprene does not soften and swell 
like natural rubber in contact with 
oil and gasoline. It does not oxidize 
and crack like natural rubber when 
exposed to sunlight, weather and 
ozone. Neoprene withstands abra- 
sion and constant flexing without 
chipping orcracking. It will not prop- 
agate flame and any one of these 
properties can be accented for spe- 
cific uses by your rubber-goods sup- 
plier. 

Industry today has put neoprene 
to use in a wide variety of applica- 
tions—from safety shoe soles to con- 
veyor belts carrying hot coals—from 
hose and cable jacketing to hundreds 
of molded products. If you have a 
design problem involving the use of 
a resilient material, contact your rub- 
ber-goods supplier or let us know by 
filling the coupon in. We'll be glad 
to help you. 


FLEXIBLE and OIL-RESISTANT 


Neoprene coupling on auto-seat adjustor re- 
placed a barrel spring which was too noisy 
and short-lived. Neoprene’s oil resistance as- 
sures a long service life. In destruction tests, 
neoprene coupling was still going strong when 
seat was worn out! 


ABRASION- and SOLVENT-RESISTANT 


Neoprene ball bearings—one at each corner 
—carry thrust load in this oscillating sander. 
Steel balls were noisy; natural rubber deteri- 
orated within three weeks when exposed to 
paint solvents in wet sanding. Not one neo- 
prene ball bearing has had to be replaced in 
over 200,000 sanders in service. 


wroretmt 
team 


CYL 
WEATHER- and SUNLIGHT-RESISTANT 


Neoprene window frame cuts installation and 
maintenance costs. Resilient neoprene strips 
seal the glass, yet allow the panes to slide 
easily. The strips require no protective paint 
or chemical coating, because neoprene resists 
weather, sunlight and chemical attack. 


HEAT- and OIL-RESISTANT 


Neoprene air tube actuates this clutch and 
brake unit. Natural rubber tubing was re- 
placed because it swelled and inside surfaces 
stuck together. The neoprene tubing is un- 
affected by oil in compressed-air supply, is 
good for many years and millions of flexings. 
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HYPALON 


A special-purpose elastomer 


Newest addition to the family of 
Du Pont elastomers is HYPALON syn- 
thetic rubber. HYPALON exhibits ex- 
tra-high resistance to heat, ozone, 
chemicals and discoloration . .. mak- 
ing it ideal for use where severe serv- 
ice conditions exist. 

HYPALON shows unusual resist- 
ance to hardening at elevated tem- 
peratures (250°-350°F.). It is com- 
pletely unaffected by ozone and has 
good resistance to oil, grease, abra- 
sion, flame and flex cracking. What's 
more, HYPALON can be compounded 
in an unlimited range of colors that 
arestabletosunlightexposure. Long- 
lasting protective coatings of Hyp 
ALON—clear or colored—can be ap- 
plied to rubber, metal, wood, or fab- 
rics by any standard method. 

Designers are finding many uses 
for HYPALON in products that must 
withstand extremely difficult service 
conditions. The extra durability 
HyYPALON offers has lowered main- 
tenance and replacement costs on 
gaskets, hoses, molded and extruded 
parts, wire jacketing, and protective 
and decorative coating. 

Du Pont HYPALON gives you new 
properties to work with . . . new 
opportunities for design improve- 
ment. If you'd like more informa- 
tion about HYPALON, just get in touch 
with your rubber goods supplier or 
clip and mail the coupon below. 


*HYPALON is a registered trademark of 
E. I. du Pont de Nemours & Co. (Inc.) 


OZONE RESISTANCE 
HYPALON gasket seals end of ozone genera- 
tor. Even though the gasket is exposed to 2% 
ozone, it is re-usable after two years’ service 
Plastic gaskets flattened out under flange pres- 
sure and couldn't be re-used 


RESISTANCE TO CHEMICALS 


HYPALON acid hose carrying 98% sulfuric 
acid has outlasted ordinary acid hose 16 to 1. 
HYPALON hose gave four months’ service on 
this job which previously required a new hose 
every week. The difference lay in the superior 
resistance of HYPALON to especially strong 
oxidizing chemicals 


} | am particularly interested in 


HEAT RESISTANCE 


HYPALON spark-plug covers give economical, 
long-lasting performance in spite of high ozone 
concentrations and temperatures averaging 
270°F. with occasional peaks of 340°F. in 
the engine of one of today’s most popular cars 


UNLIMITED STABLE COLORS 


Protective coatings of HYPALON add long life 
and sparkling color to wood, metal, rubber 
or fabrics. They can be applied by spraying, 
brushing or spread coating. Both clear and 
colored compounds of HYPALON are shown 
here on electrical wire, overshoes, sporting 
equipment, urethane foam, rubber 


Send me a free copy of The Du Pont Elastomers 
(a review of properties of neoprene and HYPALON). 





] Add my name to the free mailing list of the 
Elastomers Notebook (contains articles based 
on uses of Du Pont Elastomers in Industry). 


Nome 


Firm 
REG. U.S. PAT. OFF 
F E. 1. du Pont de Nemours & Co. (Inc.) 
Elastomer Chemicals Dept. PE-58 


Wilmington 98, Delaware 


Address 
BETTER THINGS FOR BETTER LIVING 


..- THROUGH CHEMISTRY 
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PLASTICS FOR BETTER 
PRODUCT DESIGN 


RICHARDSON 


COPPER-CLAD INSUROK 


Choice of various grades. Copper bonded to one or both 
sides. Outstanding electrical properties after humidity con- 
ditioning. High flexural and tensile strength. Holds metal 
inserts and lugs securely. Excellent bond strength and heat 
resistance. 


FABRICATION 


Complete facilities for punching or machining precision 
parts from laminated INSUROK to your specifications in any 
quantity—for electrical or mechanical applications. 


MOLDED PLASTICS 


Parts molded from standard or special plastics materials as 
required for your product, including newest plastics. Pro- 
duced by compression transfer or injection processes. 
Metal inserts molded in position. 





LAMINATED INSUROK 


Available in sheets, rods, and tubes in NEMA and special 
grades. Properties to meet practically any electrical or me- 
chanical requirements. Many sizes and thicknesses. 


technical services Write for 12-page booklet 


: : ; “INSUROK® Laminated Plastics—Molded Plastics” 
Experienced Richardson engineers will analyze your re- 


quirements and help you select the material, and best 

manufacturing process for your needs . . . and when your 

requirements are unusual, Richardson offers extensive The 

background for developing special plastics materials for 

your product. Also, Richardson is equipped to provide RICHARDSON COMPANY 
complete facilities and techniques for molding, laminating, , 


molded laminates, and fabricating. You are assured the LAMINATED AND MOLDED PLASTICS 


correct material and process for each application. These 
: : . : : Rg nev 

research, design, and engineering services are yours with- 

out cost or obligation, of course. Write or phone, today. Dept. 16A, 2793 Lake Street 


Melrose Park, Ill. 
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Improve your products... your production... 


with Taylor Laminated Plastics and Vulcanized Fibre 


The superior characteristics of these Taylor materials may 
prove the means of effecting savings in manufacturing costs and 
improvements in performance for the products which you’re making 


W@ TAYLOR PHENOLIC LAMINATES 


Over 50 grades of Taylor Phenolic laminates give 
you a broad selection of physical, electrical and 
mechanical properties. These laminates are of the 
thermosetting type and are available in paper, cotton 
fabric or mat, asbestos, glass cloth or nylon bases 
impregnated with phenol formaldehyde type resins. 
Developed to meet industry’s requirements for 
economical yet dependable electrical insulation, they 
possess high dielectric and mechanical strength . . . are 
used for terminal boards, instrument panels, switch 
rotors and stators, gears and cams. These laminates 
qualify as Class “A”’ insulation except the Phenolic 
asbestos grades which are Class ‘‘B’’ insulation. 
Available in sheets, rods and tubes, and parts fabri- 
cated to your specifications. 


TAYLOR MELAMINE LAMINATES 


Made from glass cloth or cotton fabric impregnated 
with Melamine formaldehyde resin, these laminates 
have especially good arc resistance . . . combined with 
high mechanical and dielectric strength. These 
laminates are relatively unaffected by extremes in 
temperature and offer good resistance to the cor- 
rosive effects of alkalis and most common solvents. 
A thermosetting plastic, classified as Class ““B’”’ in- 
sulation, available in sheets, rods and tubes. 


MB TAYLOR SILICONE LAMINATES 


Taylor Silicone laminates have an extremely low * 
dielectric loss factor over entire frequency range. 
Combining excellent properties over a wide humidity 

range with good mechanical strength, these laminates 

offer heat resistance superior to the Melamine grades, 
performing efficiently in many applications where 
temperatures as high as 500°F. are encountered. 

They are thermosetting and are classified as Class 

““H”’ insulation. 


@ TAYLOR EPOXY LAMINATES 


Continuous filament glass fabric impregnated with 
an Epoxy resin. Good chemical resistance combined 
withexcellentelectrical, m2chanical properties and low 
moisture absorption. A thermosetting plastic, avail- 
able in sheets and tubes. They are especially valuable 
where retention of electrical and mechanical proper- 
ties is important under high humidity conditions. 


Wi TAYLOR COPPER-CLAD LAMINATES 
. . . for quality printed circuits 


The Paper Base grades, which include XP—XXP 


and the premium XX XP-242 offer many advantages 
due to the use of the high purity rolled copper. 
Grade XX XP-242 may be cold punched, has high 
insulation resistance, and surface resistivity after 
etching. This grade is translucent permitting visual 
checking of circuit registration (alignment) and has 
good bond strength. Taylor Copper-Clad grade GEC 
which combines rolled copper with an Epoxy Glass 
base offers superior electrical and mechanical proper- 
ties for printed circuits to be used in high performance 
components. 


TAYLOR VULCANIZED FIBRE 


This material, which can be classified as a non-res- 
inous laminate, is one of the oldest and most widely 
used industrial plastics. Taylor Vulcanized Fibre has 
been produced since 1891, and due to the many 
unique properties possessed by this material, per- 
forms successfully in many applications found in 
Steel Mills— Textile Mills—Railroads— Aircraft and 
Automotive Manufacturing— Electrical Equipment 
and Motor Manufacturing—Abrasives Industry 
Trunk and Case Manufacturing—and numerous 
other industries. 


Taylor Vulcanized Fibre is made in the four NEMA 
classified grades of Commercial, Bone, Electrical and 
Trunk, plus Superwhite, Built-Up, Abrasive, Flexi- 
ble and Track grades. 


TAYLOR INSULATION 


This material which is sometimes called Fishpaper, 
is a highly specialized type of electrical insulation. 
Due to special processing, Taylor Insulation has 
high dielectric strength, is a tough and abrasion re- 
sistant material, yet has excellent bending proper- 
ties. These features have resulted in the extensive 
use of this material as insulation in electrical motors 
of all descriptions, field coils, transformers, and all 
electrical equipment requiring dependable low cost 
insulation. 


ENGINEERING AND FABRICATING SERVICES 


At any stage of your product’s development, con- 
sultation servicesof qualified field and designengineers 
are available . . . to help in the selection and utiliza- 
tion of the Taylor material suited to your specific 
application requirements. 

Taylor’s fabricating divisions can economically pro- 
duce parts from Taylor materials that will help to 
make your product better at a low cost. 


Complete technical engineering data on all Taylor grades is available on request. 


Taylor Fibre Co. + Plants at Norristown, Pa. and La Verne, California 


@ Branch offices: in Atlanta; Boston; Chicago; Cleveland; Dayton; 
Detroit; Indianapolis; Los Angeles; Milwaukee; New 
York City; Philadelphia; Rochester; San Francisco; St. 
Louis; and Rockville, Connecticut. Distributors in Grand 
Prairie and Houston, Texas; and Toronto, Ontario. 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre 
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Representative 
Morganite Products 


Steam engine piston rings 
Air compressor piston rings 
Small pistons and plungers 
Cylinder liners 
Torque converter seals 
Grease seals 
Turbo supercharger seals 
High temperature fan bearings 
Water pump vanes 
Glass molds 
Glass cradle blocks 
Glass lip turners 
Glass foot forming pads 
Oxygen seals 
Thrust bearings 
Gasoline valves 
Contacts 
Brush holders 
Cores for metal castings 
-Chemical bearings 
Gas meter valves 
Air compressor vanes 
Water turbine seals 
High temperature bearings 
Kiln car wheel spacers 
Supercharger bearings 
End plates 
Crane current collectors 
Commutator brushes 
Slip ring brushes 
Carbon disc voltage regulators 
Refractory ware: 
Crucibles 
Insulators 
Pyrometer tubes 
Furnace tubes 


Carbon may be your solution IF — 

a) contamination is an undesirable factor, as 
in textile and food machinery 

b) corrosion is to be avoided 


¢) temperatures are too high for conventional lubricants and metals 


Of course, the greatest and best known advantages of carbon are 
that it needs no lubrication and that it does not seize on to metals. 


Other properties provide additional advantages for particular 
applications. It has a wide range of resistance to chemical 

attack .. . is not wetted by molten metal or slag . . . retains high 
mechanical strength at high temperatures . . . has low thermal 
expansion . . . and has good electrical conductivity. 


Why not send us the details of your design problem. Our Engineering 
Staff will be glad to give you the benefit of its long experience 
in developing carbon formulas for special applications. 


INCORPORATED 


Manufacturers of fine carbon-graphite products for over fifty years. 
3306-A 48th Avenue, Long Island City 1, New York 
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all-purpose wonder rubber OFFERS TRIPLE VALUE 


Performance! Versatility! Economy! In all three, Enjay Buty! is the world’s 
outstanding rubber value. In a wide variety of applications, Enjay Butyl 
stands unmatched in its resistance to deterioration caused by animal and 
vegetable fats, chemicals, hot and cold water... properties that make 
Butyl-made products outstanding performers. 


Dairy boots, creamery hose, wading pools, hot material conveyor belts. . . 
in these and a wide variety of other products, Enjay Buty! out-performs and 
out-lasts all other types of rubber, synthetic or natural. Low-in-cost and 
immediately available in a grade tailor-made for your product, Enjay Butyl 
is the rubber to boost performance and cut costs. For further information, 
and for expert technical assistance, contact the Enjay Company. 


Ena) Pioneer in Petrochemicals 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 


Akron + Boston + Chicago « Detroit * Los Angeles * New Orleans + Tulsa 
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BUTYL 


Enjay Buty] is the greatest rubber value 
in the world...the super-durable rubber 





with outstanding resistance to aging e 
abrasion e tear e chipping e cracking e 
ozone and corona e chemicals « gases e 


heat « cold e sunlight e moisture. 
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COLD PUNCH 11572 


New General Electric Textolite 11572 is an 
outstanding XXX-P high IR laminate designed to 
provide extremely close tolerance punching at 
normal room temperature, with no cracking or 
delamination. 


The cold fabricating quality, plus outstanding 
product uniformity, eliminates dimensional vari- 
ations from piece to piece . . . permitting the use 
of automatic assembly equipment. 


Common degreasing solvents have no effect 
on G-E Textolite 11572 in standard etching prac- 
tices. For example G-E 11572 withstood exposure 
to hot trichloroethylene up to 15 minutes. 


This new cold punch laminate is recommended 
for electronic applications using high voltage at 
radio frequencies. G-E Textolite 11572 exceeds 
NEMA XXX-P standards and meets military speci- 
fications MIL-P-3115-PBE-P, 11572 is available in 
unclad or copper-clad form with 1 or 2 oz. copper 
on one or both sides for precision printed wiring. 


General Electric Company 


Laminated Products Dept. 0) Please hove your ec Progress ls Our Most /mportant Product 


Sec. PEL-107, Coshocton, 0. representative call. 


[) Please send me complete information on 


ff » 
G-E Textolite® 11572 Cold Punch Laminate. G t N E be A L Gs E LE CT os ] C 


Name 
Title 


Firm . When the properties have to be right... 


Street 


intact = ‘ea Specify G-E Textolite” 
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Creative papers from the mills of MOSINEE 


Working in close cooperation with both industry and gov 
ernment, Mosinee research and development departments have 
created hundreds of distinct special papers to meet specialized 


In product design... rode bhp Fela 


low-cost papers replace 
expensive traditional materials 


Offering a combination of economy and versatility, Mosi HERE ARE 6 GOOD REASONS FOR CALLING ON 

nee creative papers are proving their worth throughout MOSINEE FOR YOUR SPECIAL SULPHATE PAPERS: 

industry. These special sulphate papers are being used 

where paper was never before even considered. And 1A proven record for creating outstand 

they're performing as well or better than the more costly custom-tailored papers 

materials previously used. 
c . Extensive research facilities 

With scientifically controlled processes, Mosinee can 


produce papers possessing an amazing variety of chemi . Spec ially developed qu: 


2 
3 
cal and physical properties including high dielectric S Mente 90 ces of 
strength . . . mold, flame, water and corrosion resistanc« ~ ala eos 
resin holdout or absorbency Especially important 5 
Mosinee can quantity -produce these papers with depend 6 
able uniformity. 


. Techni al consultants in \ 


. Flexible production capa 

I 
Chances are Mosinee may already have answers to fabricating, 
processing or packaging problems you are now working on! 
Mail the coupon below for more complete details. 


MOSINEE PAPER MILLS CO., Dept. PED-7, Mosinee, Wisconsin 
Please furnish details on how you can create special 
papers to meet our needs 


NAME 
FIRM 
PRODUCT 


PAPER MILLS COMPANY ADDRESS 


Mosinee ® Wisconsin CITY 
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SYNTHETIC 
RUBBER SEALS 


can save you money in 


This seal will save 
you money with no 
performance sacri- 
fice. Minimum 
tooling cost, no 
molds, no costly 


ominous delays. Can be 
MOLDED LATHE- 
O-RING SEAL SEAL made up to 


25” LD. 








ACADIA --,..~. 
ees of! LEY 
ii?" 
PRODUCTS 


DIVISION OF WESTERN FELT WORKS 
4021-4139 West Ogden Avenue, Chicago 23, Illinois 
Branch Offices in Principal Cities 
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STATIC or MOVING 
seal applications 


Acadia Synthetic Rubber 

Parts are of the highest qual- 

ity components, processed for 

oil resistance, good aging pro- 
perties, resistance to heat. They 

can be furnished in any dimension 

or special compound you desire to 
precision tolerances. They are another 
example of Acadia’s ability to SAVE 
YOU MORE..SERVE YOU BETTER. 


There’s an Acadia Sales engineer near 
you to serve you. Write us today, and 
we'll put him in touch with you 
immediately. 
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OF ANY METAL... 


turn to Turco...FIRST! 


DESCALING: Complete line of deoxidizing and polishing products 
for all alloys of aluminum. 


COATING: Economical and “quick fixing” conversion coating for 
application by spray, dip or hand methods. Approved to MIL-C-5541. 
Insures paint adhesion, stops aluminum corrosion. 


PROTECTION: Alkali-removable protective film for aluminum alloys 
both during storage (in plant and outdoor) and during fabricating 
practices. 





e descaling 


e coating 
e protecting 





7: 


If your requirements call for chemical 





STEEL 


DESCALING: Complete line of alkaline and acid descaling media. 


COATING: Full line of iron, zinc and manganese phosphate com- 
pounds to provide a tight coating for better adhesion of organic 
finishes and for oil absorption. These materials all meet the 
various requirements of applicable government specifications. 


PROTECTION: Versatile group of products for protection of parts 
from the elements. 


processing of metal, chances are you'll 
find your best solution in the complete 
Turco line. Charted here are a few of 
the chemical processes Turco 
manufactures for the metal-working 
industry. There are many other fypes of 
Turco processes that perform effectively 
on any known metal. Why not use the 





TITANIUM 


DESCALING: Approved and accepted process for conditioning and 
removing scale from all current titanium alloys, both after heat 
forming to 1150° F. and heat treating to 1750° F. 


COATING: Acceptable anti-galling and seizing conversion coating 
for the major alloys of titanium. Also used as base for lubes. 
Requires no post-heat treatments. 


PROTECTION: Easily removable coating to protect titanium against 
tightly adhering scale up to 1600° F. during hot forming or heat 
treating. 


coupon below to write for free 
literature on the metal you are 
processing? There is no cost... 
no obligation. 





STAINLESS 
STEEL 


DESCALING: Process for completely removing heat scale from 
various alloys (including 17-7 PH). 


COATING: Easily removable coating to protect stainless steel 
against tightly adhering scale up to 1600° F. during hot forming or 
heat treating. 





For Cleaning 
or Metal 
Conditioning 
Problems — 
Turn to Turco 
... First! 


DESCALING: Non-electrolytic alkaline process for removing pre- 
vious chrome pickle films as well as oily substances often found 
on magnesium. 


COATING: One-package powdered product which, when in solution 
with water, replaces Dow #17 treatment. Requires no mixing of 
chemicals. Eliminates chance of human error. 


PROTECTION: Single-package touch-up liquid to produce coatings 
equal to Dow #18 treatment. 


(Note: All magnesium processes mentioned above are approved for 
use by Magnesium Department, Dow Chemical Co.) 


=p {cm gi 


Hot or Cold Immersion Spray Washing Steam Cleaning 


Solvent Spray Flaw Locotion Point Removing 
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TURCO PRODUCTS, INC. 


Chemical Processing Compounds 


6135 So. Central Ave., Los Angeles 1, California 
Factories: Newark, Chicago, Houston, Los Angeles, 
London, Rotterdam, Sydney, Mexico City, Nahe (Okinewo) 
Manufactured in Canada by B. W. Deone & Co., Montreal 
Offices in all Principal Cities 


PLEASE AFFIX COUPON TO COMPANY 


TURCO PRODUCTS, INC. 
6135 So. Central Ave., Los Angeles !, Calif 


Please send free literature on chemical processing of the 
metals checked 


Titonium Stainless Stee! Magnesium 


Stee!_— Aluminum Other (specify) 





Witt 


A DIGEST OF INFORMATION 
on the kinds of component parts available from 
The Ohio Rubber Company 


MATERIALS USED: Natural rubber; commercially 
available synthetic rubbers; silicone rubber; polyure- 
thane; flexible vinyl plastics. Basic materials used in 
the manufacture of component parts are determined 
by job conditions and customer’s specifications. 


METHODS OF PROCESSING: Compounding basic 
materials; Molding (injection, compression, transfer 
and flash-free methods). Production equipment is 
available for parts sizes varying from the smallest pos- 
sible molded parts up to 15 feet or continuous lengths; 
and presses that will accommodate 42” x 84” molds. 
Extrusion processing for a wide variety of extruded 
parts. 

Molding flexible vinyl plastic parts up to 24 ounces 
per unit. 


KINDS OF COMPONENT PARTS: An almost 
infinite variety of natural, synthetic, silicone, poly- 
urethane elastomers, flexible vinyl parts, and numerous 
hard, or semi-hard parts, or combinations, are made 
to customers’ specifications and job applications. 
Included are components for the automotive, elec- 
trical appliance, farm equipment, and numerous 
other industries. 

Bonding rubber and synthetic rubber to metallic and 
non-metallic materials; vibration absorption parts and 
mountings; a wide variety of oil, dirt and dust seals; 
all sizes and shapes of tubing; flexible air ducts; “Air 
King” and “Soil King” semi-pneumatic tires and other 
standard components including handle bar grips (all 
rubber) or (flexible vinyl grips in standard colors) are 
available for selection to meet specific needs. 


FACILITIES AND SERVICES: 


1. Compounding and coloring basic materials is one 
of our highly specialized services. 


2. Designing, building and maintaining molds and dies. 


. Designing and building special tools and fixtures 
for specialized, large-scale production needs of 
customers. 


. Modern processes for bonding rubber and rubber- 
like materials to metals and other materials. 


. Modern processes of injection, compression, 
transfer and flash-free molding. 


. Extrusion processes for all shapes, sizes and types 
of extruded parts. 


. Laboratc acilities fc ie alysis of com- 
Laboratory facilities for efficient analysis of co 
pounding and coloring problems encountered in 
job applications of component parts. 


8. Technical research and development facilities are 
well-equipped and staffed. 


9. Modern quality control and statistical methods for 
interprocess inspection and final inspection of 
component parts before shipment to customers. 


10. Efficient production control methods for co-ordi- 
nation of all operations to meet delivery schedules 
required by our customers. 


BRANCH OFFICES of The Ohio Rubber Company are located in the following cities: 


Boston, Mass. 
Buffalo, N. Y. 
Cleveland, Ohio 


Chicago, Ill. (2) 
Detroit, Mich. 
Ft. Wayne, Ind. 


New York City 
Louisville, Ky. 
Milwaukee, Wisc. 


Kansas City, Mo. 
Long Beach, Calif. 


For specific information on your needs, write: 


THE OHIO RUBBER COMPANY 


A DIVISION OF THE EAGLE-PICHER COMPANY © 302 BEN HUR AVENUE © WILLOUGHBY, OHIO 
Factories: WILLOUGHBY, OHIO e CONNEAUTVILLE, PA. © LONG BEACH, CALIF. * STRATFORD, CONN. 
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Here are 
basic design aaa: on 
PiexicLas molding powders and 
sheets. They are detailed presentations, fully diagrammed 
and illustrated, showing the best ways to make use of 
this Rohm & Haas Company acrylic plastic. 


se 


Molding Powder Product Design discusses principles 
of optical design, decorative effects, and methods of 
attaching molded PLExicLas parts. 


ROHM & HAAS COMPANY 
Dept. PD, Washington Square, Philadelphia 5, Pa: 
Please send me 

C) “Molding Powder Product Design”, 

CC] “Design and Fabrication Data”. 

Name 

Company 


Address 
City 


ue techniques and design considerations for making prod- 


ucts from PLEXIGLAS sheets. 


Strength, beauty, dimensional stability, resistance to 
weather and breakage—these are some of the properties 
that make PLexicias a preferred material for scores of 
industrial and commercial products. The brochures 
shown above have been prepared to help product designers 
and engineers use these properties to best advantage. To 
obtain your copies promptly, just use the coupon below, 
In addition, we will be glad to advise you on how a spe- 
cific design problem may be solved with PLExicLas. 


COMPANY 


WASHINGTON SQUARE, PHILADELPHIA 5S, PA. 


Re rese Mives in pnacipal foreign countnes 
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FORMICA’ laminated plastics 


SHEETS TUBES — RODS 


Formica offers larger sheets,and more A wide variety of standard and spe- 
sheet sizes. Standard length-width di- _ cial grades, shapes and sizes of tubing 
mensions: 36 x 36, 36x 42, 36x60, and rod is available for every indus- 
trial use. Standard rolled tubing sizes 
from 3/32” to 14” I.D.; wall thick- 
ness from 1/32” to 2”. Standard di- 
24 x 96 inches in XX and XXX grades ameter rods from %” to 2”. Tube and 


only. Thickness from .010” to 6”. 


36 x 72, 36 x 84 and 36 x 96 inches in 


most grades; and 24 x 42, 24 x 84 and 


rod lengths up to 36”, 


COPPER CLAD FOR PRINTED CIRCUITRY 


Select your best grade from the complete Formica line: XP-47, XXXP-36, 
LE, FF-55, FF-89-1, FF-91-1, CE and YN-25. Many of these can be cold 
punched, thus eliminating the dimensional change and dissipation of elec- 
trical properties resulting from hot punching. For complete information, 


FABRICATED PARTS produc ed accu- 
rately, quickly and in quantity 

with the largest and most extensive 
facilities maintained by any plastics 
laminator. 


MOLDED SHAPES give you all the 
advantages of Formica’s outstanding 
properties, plus extra strength and 
durability. Now made from laminated 
or macerated stock or molding com- 
pounds 


POSTFORMING combines maximum 


formability with outstanding electrical 
and mechanical properties. Light in 
weight, vibration absorbing and dent- 
proot, 


GLASS-SILICONE GRADES offer 
greater hot strength, lower moisture 
absorption, lower wet power factor, 
larger and thicker sheets. 





write for Copper Clad Technical Data, form 656. 


ENGRAVING STOCK: Black and white 


core sheets. Surface sheets in six solid 
colors: black, white, gray, brown, 
cocoa, red; and six authentic wood 
patterns: walnut, Prima Vera, mahog- 
any, autumn walnut, natural maple, 
natural oak. 


RUBBER SURFACED FORMICA: 
Neoprene and Buna “S” in thicknesses 
from 1/64” to %” can be laminated 
to one or both surfaces or between 
two sheets of any Formica grade. 


“AN” AIRCRAFT PULLEYS delivered 
right from stock. Complete line includ- 
ing Formica’s exclusive staggered rib 
construction and non-afterglow ma- 
terial. 





BEARING SURFACE MATERIAL now 
offered in two grades: molded end 
grain grade C, and L-42 sheet stock. 
The Formica-to-metal principle, intro- 
duced some time ago, has now been 
widely accepted by machine tool man- 
ufacturers and others who find metal- 
to-metal bearings obsolete. 


DIESTOCK: Versatile new S-52 is ideal 
for forming ductile non-ferrous metals, 
plastics, wood, rubber, vulcanized 
fibres. It’s extremely smooth, strong, 
easy to machine and inexpensive. 


MILITARY GRADES: Formica’s com- 
plete line includes all those laminated 
plastic grades approved for use by the 
armed forces. 


FORMICA-4 the complete laminated plastics service 





1 Application engineering analyzes your application 
and recommends one of Formica’s 60 standard 
grades ... if it meets your requirements exactly. 


2 Research produces a new grade with properties 
engineered to your exact specifications, thus saving 
time and lowering development cost. 


FORMICA CORPORATION 


3 Fabricating, molding and postforming bring 
Formica to you in any shape or size — quickly, 
accurately and in volume. 

4 Customer stock service: Large stocks of standard 


sheets and rods ready for rapid delivery . . . to serve 
your fast moving production schedule. 


1516-7 Spring Grove Ave., Cincinnati 32, Ohio 





subsidiary of 





—_CYANAMID 
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BAKELITE COMPANY 
Division of Union Carbide Corporation 
80 East 42nd Street, New York 17, N. Y. 


Gentlemen 


Please send me a copy of your 1958 Condensed Reference 
File that describes the plastics and resins produced by 
Bakelite Company. 


a Title 
Company 
Street_— 


EEE __State 


Handy, helptul 
information 
On plastics 


This ready reference booklet, file-size, 
describes all the major types of plastics and 
resins produced by Bakelite Company, the 
largest single source in the field. It pro- 
vides a quick survey of distinguishing 
characteristics, methods of fabrication, and 


applications. 


For a free copy of the 1958 Condensed 
Reference File, send coupon, or write 
Dept. ZJ-131 


BAKELITE 


BRAND 


PLASTICS 


VINYLS » POLYETHYLENES * POLYESTERS » STYRENES + PHENOLICS + EPOXIES 


BAKELITE COMPANY, Division of Union Carbide Corporatien, 30 East 42nd Street, New York 17, N. ¥ 


The terms BAKELITE and Union CarBIDE are registered trade-marks of UCC 
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Mr. Bell’s long distance 
talking machine was one of 
the first users of plastics in 
its receiver and mouthpiece. 


3 









We couldn’t buy our experience 


... Out you can! 


= 


Founded in 1876, Auburn got into plastic molding when plastics really 
were new. We had a lot to learn. And we had to learn it by the good 
old method of trial and error. Headaches? Plenty of them! But we've 
been through the mill and every bit of our accumulated knowledge and 
know-how is at your disposal today. And we're still learning! 

Whatever may be your production problem, we've probably met it ~ 
or something very like it — before. Using every recognized technique of 
plastic molding, we supply plastic molded parts to more than 400 
American manufacturers, many of whose names are household words. 
For information on any phase of plastic molding, write Auburn today. 


Automatic Rotary 10 automatic rotary presses can 
turn out millions of small parts (less than 4 sq. in.). 
Minimum quantities 100,000. 

Transfer Molding 21 presses of 75 ton to 600 ton 
capacity. For fast, flash-free molding of thick or in- 
tricate phenolic pieces containing inserts. 

Compression Molding 70 presses of 50 ton to 600 
ton capacity. 

Injection Molding 21 machines of 1 oz. to 22 oz. 
capacity. 


Extrusion Smooth, lustrous styrene sheets in any color 


in widths to 51”, thickness to 3/4”. Odd profile shapes, Toser"s, poene, with, ie 

Nasa ape style, color and durability, 
tubes, rods or strips in vinyl. illustrates the tremendous 
Tool Room Complete mold-making facilities in our oe rary in the plastic 
own tool room make for good delivery of new molds aay Se. 


and proper maintenance of old molds. 


PROTECT YOUR PRODUCT WITH PLASTISOL 


A plastisol coating will protect your product from corrosion 
and abrasion and will provide a high-gloss, easily-cleaned 
surface. Auburn offers plastisols for coatings in a wide range 
of colors. Coatings that strip, coatings that can't be stripped; 
coatings that can be sprayed on. 





AUBUAN PLASTICS, INC. 


ESTABLISHED 1876 





FORMERLY AUBURN BUTTON WORKS, INC. 





| 








Catalogs 


and 


Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 





(O-1) Industrial Colloidal Dispersions 
—Chart, 4 pp. Lists 44 colloidal and 
semi-colloidal dispersions of graphite, 
molybdenum disulfide, mica, vermic- 
ulite, zinc oxide, acetylene black, cop- 
per and glass. Acheson Colloids Co., 
Port Huron, Mich. 


(O-2) Zinc Coating—Brochure, 4 pp. 
Contains data on ready mixed coating 
for stoppage of rust and rust creep- 
age. Sealube Co., Wakefield, Mass. 


(O-3) Teflon Tubing—Brochure, 2 pp. 
Contains data on the _ dielectric 
strength, handling and performance 
of spaghetti tubing. Polymer Corp. of 
Pa., Reading, Pa. 


(O-4) Phenolic Molding Materials and 
Resins—Brochure CDC 322, 12 pp. 
Contains data and properties of pow- 
ders, varnishes and resins. General 
Electric Co., 1 Plastics Ave., Pitts- 
field, Mass. 


(O-5) Molded Plastic Gears—Bro- 
chure, 4 pp. Contains data on units 
for reduction ratios from 20:1 to 
200:1. Fastex, 195 Algonquin Rd., 
Des Plaines, Ill. 


(0-6) Silicone Products—Catalog, 12 
pp. Contains charts and data on 150 
commercially available products. 
Dow Corning Corp., Midland, Mich. 


(O-7) Acrylic Rods, Tubes and 
Shapes—Brochure, 4 pp. Contains 
data and chart on physical properties, 
refractive index, compressive and 
impact strength, dielectric strength, 
and resistance to chemical agents. 
Ace Plastic Co., 91-0 Van Wyck 
Expressway, Jamaica 36, N. Y. 
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e MELAMINE IMPREGNATED PAPERS 
in a wide variety of patterns, wood grains, solid 
colors, and translucent overlay grades for durable 
decorative laminat Available in rolls slit to 
width, sheeted, or die-cut to ony shape required. 





. PHENOLIC IMPREGNATED PAPERS 
for producing N.E.M.A. industrial grade laminates 
ond molded ports for a wide range of electrical, 
mechanical, and structural applications. Precisely 
controlled processing assures uniformity of quality. 


e PHENOLIC IMPREGNATED FABRICS 
such as cotton duck, cloth, and sheeting for high er 
low pressure molding. Available in grades to meet 
N.E.M.A. standards. Also used in producing gears, 
bearings, filters, helmets, and mony other products. 


RICON 


e PHENOLIC IMPREGNATED GLASS CLOTH 
produced in special grades for fabrication of fly 
rods, aircraft and guided missile ports, plus many 
other products requiring a strong, light, durable 
material highly resistont to heat and corrosion. 


POLYESTER IMPREGNATED MATERIALS 
such as glass fabric and mat for low pressure mold- 
ing of aircraft parts, tools, and other applications 
where high strength, light weight, ease of forming, 
and dimensional stability are essential properties. 


= SILICONE IMPREGNATED GLASS CLOTH 
in grades having excellent dielectric strength and 
resistance to distortion at high temperatures, plus 
other properties required for applications such as 
radar equipment, printed circuits, motors, etc. 


@ EPOXY IMPREGNATED MATERIALS 


Whenever you need plastic impregnated and coated materials, 
custom treated to meet the highly specialized 


you'll do well always to think of Fabricon first! For regardless 

ceqeaenant of mony olecwice! one otecirenic of what your requirements may be, you'll find that Fabricon has 

devices wood for = ee number of what it takes to deliver the quality and service that you've 

ee been looking for. Years of experience with all types of thermo- 
setting resins and fillers. Complete engineering and laboratory 
facilities for developing new products and processes. Special 
production equipment designed for precisely controlled, contin- 
vous, economiéal operation. Facilities, too, for slitting material 
to width, sheeting, or die-cutting to any shape required. 


Want detailed information on the Fabricon Plastic impregnated 
Moterial that's right for your particular product? Just outline the 
nature of your application and send it in today! 


FABRICON PRODUCTS 





One of several giant impregnating ovens having bd “a = 
roll capacities up to 90” in width. All are de- A ‘division of The EAGLE-PICHER Company 
igned f ti li troll ion. 

ee ee ee ee ae 1721 W. Pleasant Street e River Rouge 18, Michigan 
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CHROME-LIKE TRIM 


The latest development is the possi- 
bility of obtaining really metallic look- 
ing extrusions. Polished metal foil 
embedded in low cost thermoplastic 
extrusions gives appearance of highly 
polished chrome. Can also be specified 
in gold, copper, brass or to match any 
other metallic finish and color. 

Finish cannot corrode, will not wear or 
scratch off. Extrusions can be printed, 
hot stamped or otherwise decorated. 
















































@ Extrusien dies made ul 
usually between $45-$200 

@ Send us your prints for quotation 

@ Write for your copy of Extruded Plast 
on company letterhead 


ANCHOR PLASTICS 
co., INC. 
36-36 36th Street 
Long Island City 6, N. Y. 





















Catalogs and Bulletins continued 


(O-8) Coated Fabrics—Brochure, 4 
pp. Contains data on silicone rubber 
and Nylon-resin-coated fabrics. Con- 
necticut Hard Rubber Co., 407 E. St., 


New Haven 9, Conn. 


| (O-9) Silicone Rubber Compounds— 


Brochure, 10 pp. Contains data and 
charts on five new heat resistant com- 
pounds with Shore A Hardness of 40- 
80. Acushnet Process Co., New Bed- 
ford, Mass. 


(O-10) Asbestos Products for Rein- 
forced Plastics—Bulletin T-56, 19 pp. 
Contains data and tables on fibers, 
cloths and properties. Raybestos-Man- 
hattan, Inc., Manheim, Pa. 


(O-11) Teflon-Lined Pipe—Bulletin 
T-100, 2 pp. Contains data on lined 
steel pipe. Haveg Industries, Inc., 900 
Greenbank Rd., Wilmington 8, Dela- 
ware. 


(O-12) Glass—Booklet, 64 pp. Ex- 
plains manufacturing methods, ap- 
plications and history of glass. Corning 
Glass Works, Corning, N. Y. 


(O-13) Stainless Castings—Booklet, 
28 pp. Contains data on applications 
and properties. Allegheny Ludlum 
Steel Corp., Pittsburgh 22, Pa. 


(O-14) Industrial Ceramics—Catalog 
57, 20 pp. Contains data on mech- 
anical, physical and electrical prop- 
erties of several materials. Star 
Porcelain Co., 34 Muirhead Ave., 
Trenton 9, N. J. 


(0-15) Phenolic Molding Compound 
—Pamphlet, 4 pp. Contains data on 
flock-filled, medium-impact material 
in nodular form. Hooker  Elec- 
trochemical Co., Walck Rd., N. Tona- 
wanda, N. Y. 


(O-16) Resin for Polyurethane Foam 
—Bulletin, 6 pp. Contains data on 
foam which can be produced in var- 
ious densities and consistencies by 
mixing with resin and correct cat- 
alyst. Chase Chemical Corp., 3527 
Smallman Street, Pittsburgh 1, Penn- 


sylvania. 


(0-17) Silicone Rubber Gum Stock— 
Data sheet, 28 pp. Contains data and 
tables for gaskets, O-rings and molded 
parts. Union Carbide and Carbon 


| Corp., 30 E. 42 St., New York 17, 
| N. Y. 





Need The Finest 
HIGH 
TEMPERATURE 

OIL? 


ANDEROL 
L-825 


Synthetic Gas Turbine Lubricant 
With Outstanding Oxidation 
Stability 


OXIDATION STABILITY COMPARISON 
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ANDEROL 1.825 
SAVER, © 
ALUMINUM & TITANIUM ONLY 
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1. L-825 operates from —40° F. to 500° F. 
continuously and as high as 600° F. for 
short periods. 


2. L-825 has double the film strength and 
load carrying properties of MilL-L- 
7808C. It is only 25% as volatile, with 
twice the viscosity level. 


3. L-825 gives longer service, and a higher 
operating range, with no deterioration 
or sludge, under the conditions where 
MIL-L-7808C “breaks down.” 


Wherever extreme heat is a factor— 
Anderol L-825 will give you unequalled 
lubrication performance. Developed to 
meet the requirements of MIL-L- 
9236A, Anderol’s L-825 far exceeds 
any wide temperature range lubricant 
commercially available. 


WRITE 
TODAY: 


For complete 
data on this 
remarkable 
new lubricant. 
Our labora- 
tories are at 

our service. 

jrite to Dept. 
33. 


ANDEROL 


Engineered Lubricants 





LEHIGH CHEMICAL COMPANY 
Chestertown, Maryland 
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For Corrosion Protection, Paint Base, Decorative Finishing of 
ZINC ¢ CADMIUM ¢ ALUMINUM ¢ COPPER ALLOYS ¢ MAGNESIUM « SILVER 
In Any Commercial Form 


Reference Guide to IRIDITE 
CHROMATE CONVERSION COATINGS 








For your convenience in selecting the chromate coating 
best suited to your needs, here are the currently available WHAT IS IRIDITE®? 
Iridite finishes. All provide excellent corrosion resistance 
d ae been A wht f attractive @ ooo Briefly, Iridite is the tradename for a specialized 
rae — . e cong o bg —— _ line of chromate conversion finishes. They are gen- 
including lustrous, chemically polished bright finishes, is erally applied by dip, some by brush or spray, 
also available. In addition, some Iridite films may be dyed mainly at room tempereture, with automatic equip- 
red, blue, green, yellow, orange or black. As the appear- ment or manval finishing facilities. During applice- 
4 th f f th > ith th tion, @ chemical reaction occurs that produces a 
ance and the performance of the coating varies with the thin (.00002” max.) gel-like, complex chromate 
Iridite used, the type of metal and the operating cycle, film of a non-porous nature on the surface of the 
you can be assured of best results by discussing your metal. This film is an integral part of the metal 
finishing requirements with the Allied Field Engineer in itself, thus cennet fleke, chip or peel. No special 
. : equipment, exhaust systems or specially trained 
your area. He'll be glad to review your particular problem personnel ore required. , 
and make specific recommendations to you. quip 














TYPE OF FORM OF 
METAL NUMBER NAME COLOR OF FILM FORM OF METAL* OPERATION IRIDITE 
1 (Olive-Drab) Olive-Drab P, D/C A/M Liquid 
2 (Galvon) Olive-Drab Goalvanize A/M Liquid 
3 (Bronze) Bronze P, D/C A/M Liquid 
4 (Bright) (Cadmium only) Clear Plate M Liquid 
4PC&S (Cadmium-Bright) (Cadmium only) Clear Plate A/M Pow/Liq 
4-2 (Bright) (Zine only) Clear Plate M Liquid 
4-2A (Bright) (Zinc only) Clear Plate A Liquid 
4-2P (Bright) Clear Bright Plate A/M Powder 
4-73 (Cast-Zinc-Bright) Bright D/C A/M Liquid 
Zamac + 3 type alloys 
ZINC and 4-75 (Cast-Zine-Bright) Bright D/C A/M Liquid 
CADMIUM Zamac # 5 type alloys 
5 (Spectron) Yellow Galvanize M Liquid 
5-P Chromate Yellow P, D/C, Galv. A/M Powder 
r (Hue-Bright) Clear to Bronze Plate A/M Liquid 
Yellow D/C & Galv. A/M 
8-P (Blu-Brite) Bive or Yellow Bright P, D/C, Galv. A/M Powder 
8-2 (Economy-Pak) Clear or Yellow Bright P,D/C A/M Liquid 
8-4 Power Pok Bright to Yellow P, D/C, Galv. A/M Liquid 
12 (Brite-Zinc-Seal) Bive Bright Plate A/M Liquid 
7 _12-P (Brite-Zinc-Seal) oo Bive Bright Plate A/M Powder 
14 (AL-Coat) Clear to Yellow All Forms A/M Powder 
ALUMINUM 14-2 (AL-Coat) (improved form) Clear to Brown All Forms A/M Powder 
_ | 14-9 Al-Coot Clear : Clear All Forms A/M Powder 
cuPROUS 7 (Metcote) Clear All Forms A/M Liquid 
ALLOYS _|_17-P__| (Cupreous-Kote) Notvral _| All Forms A/M Powder 
MAGNESIUM 15 (Mag-Coat) Dark Brown Wrought, Cast, A/M Powder 
= i Extruded 
SILVER 18-P {Silver-Kote) Pale Yellow Plate A/M Powder 
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YOUR MOTOR 


FOR WET OPERATING CONDITIONS 





GACO Neoprene Puts a 
Raincoat on Stators... 


Waterproofs against MOISTURE, SPLASH, HUMIDITY 





matron red 
Moreey « 
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High humidity and water exposure cut down motor life and 
increase industrial maintenance costs. Take the food industry 
for example. The very high standards of cleanliness, which re- 
quire continuous washdown operations, have created a problem 
of water damage to countless electric motors. Small motors short 
out unless run continuously, and even then must be baked out 
after each session and reinsulated . . . an expensive operation. 

A leading manufacturer of electric motors solved the water 
problem by dip coating the winding and stator leads with GACO 
N-700 liquid neoprene . . . virtually enveloping the motor parts in 
a sheath of rubber. For test purposes, a neoprene coated winding 
—unprotected by a motor case—was exposed to outdoor weather 
and tested for grounding each day for two months. Result: 
GACO N-700 neoprene is now a standard coating for motors 
exposed to damp atmospheres. 

Investigate GACO neoprene coatings where severe operating 
conditions demand a tough, flexible, corrosion and abrasion- 
resistant coating. A wise policy—insure the life of your product 
with GACO neoprene protective coatings. 


WRITE: We'll forward literature of interest. 


THE MARK OF CORROSION PROTECTION 


GATES ENGINEERING COMPANY 


Wilmington 99, Delaware 
PIONEER LEADER IN PROTECTIVE COATINGS 
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DESIGN 
RESEARCH 
DEVELOPMENT 


PRODUCT ENGINEERING §; the 


one professional publication that covers all 
three fields. 


Start your own subscription by filling in and 
mailing the coupon below . . . right now. 


Subscription Department 
PRODUCT ENGINEERING 
McGraw-Hill Building 
New York 36, N. Y. 


Please start my subscription to 
PRODUCT ENGINEERING at once 


U. S. Prices: [] 1 year $5 [] 2 years $8 
Name Title 
Company 
Address 
City Zone 


State 
D1057 


[] Check enclosed [) Bill me [) Bill company 
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tough, versatile 





U.S. Ro YU al l te the sheet fabricating material 


that turns designers’ dreams into practical realities 


4 


Is the case, cabinet, cover or other part of your 
product now made of a material which leaves 
something to be desired in... 


Economy? Royalite® assures exact, inexpensive 
prototypes... lower tooling, finishing and assem- 
bly cost... fewer operations. 


Beauty? Royalite molds readily to shape, detail 
and contour... retaining its eye-catching, sales- 
appealing color and texture. 


Durability? Patented compounding of thermo- 
plastic fortified with rubber gives never-before 


wearability. It’s super-tough to resist impact... 
yet weighs less than any metal. Custom formulized 
to meet specific needs such as oil and chemical 
resistance, moisture-resistance, and performance 
at extremes in temperature. 


There is a Royalite sales engineer in your 
: area. If you would like to have this special- 
ist call on you, please write United States 
Rubber Company, Royalite Division, 


re ee ee eee ee. eee ee 


United States Rubber 


2638 N. Pulaski Road, Chicago 39, Illinois 
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J" How AGER/E can save money for you 


wall construction saves by 


1. Faster Cures 2. Lower Product 
Weight 3. Less Volume 


Thru High Impact Strength 
of Fiberite Plastics 


We request you investigate 
Fiberite for products re- 
quiring: extra hard ser- 
vice, good dielectric 



























LET US SUPPLY SAMPLES 


aa. ~~ - 
Scores of leading industries are now specifying products Of So Px strength, high shock 
Fiberite. We have Fiberite samples available in a wide — a a) and temperature 
range of products. We will supply you with these samples ag: > = rostsrence. 
and data upon request. S ~~ _ Fiberite re- 

m Ss inforced 
OUR RESEARCH DEPARTMENT IS AT YOUR SERVICE — 


ALL FIBERITE resident engineering offices are equipped to black 
interpret your inquiry, to get you the right data relating and 
to special property compounds and specific application colors. 


tests. If we don’t have the exact compounds you need, our 
research engineers will compound the new formulations. 
Join the trend toward “‘unbreakable’’ permanent plastics. 
Your customers will be grateful. Write Dept. PE-10 











New England Eastern Office: Chicago Office: Western Office: 
Office Bloomfield, N. J. Railway Exchange Bldg. West Coast Plastics 
Lowell, Mass. Pilgrim 8-1233 HArrison 7-1164 8510 Warner Drive 
Glenview 3-8652 Ed Keusch Paul Fina Culver City, Calif Manufacturers of Plastic Molding Compounds 
David Sharpe (Sales Director) TExas 0-7733 





Main Office: WINONA, MINNESOTA «+ Phone 2316 








standard knobs __ Forim-Dipped Industrial Rubber Parts 


tS) © Ss and Rubber Coated Metal Parts 


widest choice 


G30 





As specialists in the 
production of all types 
of industrial rubber 
parts by the dipping 
process, we have 
developed many 
techniques which help solve your rubber parts problems. 

Midwest can meet all your requirements for caps, 
covers, bellows-type seals, sleeves, etc. . . . and for 


fastest delivery 
rubber or Plastisol coating of metal parts for thermal 


wy & or electrical insulation, corrosion protection, sound 


Variety and versatility in a complete standard abatement or enhancement of appearance. 
line of thermosetting plastic knobs. Combi- Send for our free illustrated brochure and see what 
nations, variations in types, sizes and colors Midwest quality, economy and service can mean to you. 


delivered promptly. Send for catalog. 
idwest Rubber 


kurz-kasch ORD 


14279 E. Nine Mile Rd., East Detroit, Mich. 
Kurz-Kasch, Inc., 1415 S. Broadway, Dayton 1, Ohio 
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USE TIME-SAVING 
COUPONS BELOW 


all products advertised in this Digest Section 
... to request further information on 


. +. to request your copies of product catalogs 
and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- 
ning on page 15, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manufacturers of 
this type of product. 


Circle these numbers for further information aboux 
advertisers appearing in this section (C) 


C32-3 C34-5 C36-7 C38 C39 C40-1 C42 c43 C44 
c45 C46 C47 cas c49 C50 csi C52 C53 
C54 css CL56 CRS6 C57 CL5S CTRS& C59 CT60 


CBL60 CBR60 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING’s Design Digest Issue, and page num- 
ber of the advertisement prompting your letter. 


Circle these numbers for further information about 
advertisers appearing in this section (C) 


C32-3 C34-5 C36-7 C38 C39 C40-1 C42 c43 C44 
c45 C46 C47 c4s c49 C50 cs1 c52 C53 
cs4 C55 CL56 CRS6 C57 CL58 CTRSS C59 CT60 


CBL60 CBR60 


Circle these numbers for your copy of bulletins 
listed in this section (C) 


01 02 03 o4 os O6 o7 os o3 
010 «€©Ol1L 0 = 6 O12s«O013 014 015 O16 O17 


Circle these numbers for your copy of bulletins 
listed in this section (C) 


o1 02 03 0O4 os O06 o7 os o9 
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NEW BOOKS 


Fabrication & Production Processes 





Design of Gray Iron Castings by 
Artur Schaff, Battelle Memorial In- 
stitute, and Charles F. Walton, 
Gray lron Founders’ Society, 6 x 9 
in., 64 pp., paper bound. Published 
by Gray Iron Founders’ Society, 
National City—E. 6 Bldg., Cleve- 
land 14, Obio. $3. 


This new manual presents casting 
design from the designing engi- 
neer’s viewpoint, covering functional 
strength, performance, appearance and 
economy. It brings together pertinent 
information and data on design, taking 
advantage of the most recent develop- 
ments in the castings industry. 


Machinists’ Ready Reference by C. 
Weingartner, Ann Arbor, Mich., 
4 x 6 in., 139 pp. Published by 
Prakken Publications, 330 Thomp- 
son St., Ann Arbor, Mich. $1.50. 


Handy little volume containing 
neatly 100 selected reference tables 
and charts covering mathematical in- 
formation; drills; tapers; screw threads; 
milling, shaping, turning; gears; and 
weights, gages, and tolerances. 


Materials and Processes In Manu- 
facturing by E. Paul Degarmo, M.S. 
6 x 9 in., 755 pp. Published by 
Macmillan Co. 60 Fifth Ave., New 
York 11, N. Y. $8.50. 


This book is intended primarily as 
a college-level text for engineering stu- 
dents. Therefore the subject matter in 
this book is presented from the view- 
point of manufacturing. For example, 
the material on metallurgy is not pre- 
sented from the viewpoint of the 
metallurgist. Rather it is metallurgy 
as needed to explain how and why a 
given material is used for a certain 
manufacturing application, why it 
must be handled in a certain manner, 
and why it reacts as it does when 
processed. Similarly, with respect to 
machine tools the emphasis is upon 
what they will do, how they do it, their 
accuracy, and their relative advantages 
and limitations — particularly eco- 
nomic. While some attention must be 
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given to details regarding their con- 
struction and operation, this is solely 
for the purpose of providing a better 
understanding of the relationship of 
the tools to the foregoing objectives. 

Instruction in materials and proc- 
esses usually is provided in one of two 
ways. One uses an integrated course 
which covers both subjects; the other 
utilizes one course in introductory 
metallurgy and a second course in 
manufacturing processes. This text 
has been organized to meet the needs 
of both plans. 

Some of the section headings: ma- 
terials, casting and forming processes, 
machining processes, welding and 
allied processes as well as sections on 
metallurgy, heat-treating, normalizing, 
case-hardening, material treatment, 
and joining methods. 


Dynamic Factors in Industrial Pro- 
ductivity by Seymour Melman. 51/2 
x 814 in., approx. 240 pp. Published 
by John Wiley & Soms, Inc., 440 
Fourth Ave., New York 16, N. Y. 
$4.75. 


Mechanization of production and 
rise of administrative overhead are 
parallel processes taking place in in- 
dustry today, according to the author. 
The two processes have opposite, but 
not equal, effects on the productivity 
of industry's man-hours. 

The book is the result of investiga- 
tions carried on in the United States 
and Britain. It covers developments 
in manpower utilization in a number 
of industries, it traces the role of ad- 
ministrative personnel and its assump- 
tion of wider and wider functions, and 
the interaction that takes place be- 
tween administrative and engineering 
functions, though it does not dwell on 
the concomitant rise of the engineer 
as industrial administrator. 

Having thus established the trend, 
the author investigates its implications, 
dealing with the effects of these forces 
on engineering and on the business 
process, both here and in Britain. 
What he finds is an ever-widening gap 
between American and British produc- 
tivity and the business methods used. 


Tool Design by Cyril Donaldson 
and George H. Le Cain, Mechani- 
cal Dept., Rochester Institute of 
Technology. 644 x 91% in., 560 pp. 
Published by McGraw-Hill Book 
Co., 330 W. 42 St., New York 36, 
N. Y. Second edition, $6.75. 


Written as a textbook for a course 
in tool design, this book develops gen- 
eral methods of tool design by which 
the student can translate his ideas into 
practicality. Chapters on punches and 
dies, theory of cutting tools, jigs and 
fixtures, and screw machines have been 
rewritten and expanded in the light of 
more recent experience. Similarly, the 
continuous development of new alloys 
and their application to tool produc- 
tion made a rewriting of the section 
on tool materials necessary, thus in- 
creasing this sections value. 

These revisions effectively bring the 
book up to date. While primarily writ- 
ten for the student, the book is valu- 
able for reference to the practicing 
engineer and tool designer. 


Cast Copper Anti-Friction Steel by 
A, A. Lunev, translated from the 
Russian by Science Translation 
Service. 8Y2 x 11 in., paper cover, 
10 pp. Available from U. S. Dept. 
of Commerce, Office of Technical 
Services, Washington, D. C. $0.50. 


Copper-bearing steels have not been 
developed commercially because of the 
tendency of copper to segregate out of 
solution on cooling. Introduction of a 
third element promotes stabilization 
of the alloy during melting and cast- 
ing, reduces gas absorption and in- 
creases corrosion resistance in the solid 
state. Aluminum is especially useful as 
a third metal, as it imparts good wear 
resistance characteristic to the copper- 
bearing steels without imposing any 
property losses given by the copper to 
the steel. 

Copper content must be greater 
than 26 per cent to be effective, best 
range being between 26 and 32 per 
cent. Lead additions reduce the dry 
friction coefficient of copper steel and 
improve its machinability without af- 
fecting the life properties. 
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Processes and 


Production 


Cold Extrusion of Titanium 
by A. M. Sabroff, O. J. Huber, and P. D. Frost 


Casting Properties of Ferrous and Nonferrous Alloys 


Low Temperature Working Strengthens Stainless Steel 
by V.N. Krivobok and C. R. Mayne 


Abrasive Belts: For the Removal of Metal 
by J. K. McLaughlin 


Plastic Faced Dies for Metal-Forming 
by John Delmonte 


Diecasting vs Machining 
by H. K. Barton 


Electroforming 


Tap-drill and Tap Selection 
by Warren G. Ogden, Jr. 


Designing Screw Machine Parts 
by Earl A. Theroux 
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From: 


ASME Paper 


Cold 


extrusion 
of titanium 


A. M. SABROFF, assistant chief 
oO. 4 HUBER, principal metallurgist 


P. D. FROST, chief 


Light Metals Division 
Battelle Memorial Institute 


Fluoride-phosphate coating in com- 
bination with an oil-graphite molyb- 
denum disulphide lubricant used to 
forward extrude titanium. Lubricant 
prevents galling and seizing and pro- 
duces a smooth surface finish. Ex- 
truded stock exhibits as high as 60 
per cent increase in strength with 


adequate ductility. 


Cor D extrusion of metals, particu- 
larly steel, is a well-established man- 
ufacturing process. Some of the ad- 
vantages to be gained are: 

1) Conversion of low-strength al- 
loys to high-strength finished prod- 
ucts through work-hardening. 

2) Saving of time and material be- 
cause of fewer operations and smaller 
machining losses. 

3) Production of an uninterrupted 
fiber flow, resulting in greater load- 
carrying capacity. 

4) Good surface finish and mainte- 
nance of tolerances within 
limits. 

The ability to form intricate parts 
from titanium in a few simple opera- 
tions with small machining losses is of 
particular advantage in view of the 
high cost of titanium mill products. 
The cold-extrusion process, however, 
has never been applied to titanium 
in commercial practice because of the 
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Fig. 1—Assembly drawing of equipment for conducting cold extrusion experiments. 


lack of a suitable surface coating, the 
principal requirement for 
cold extrusion. With the 
velopment of a_ fluoride-phosphate 
conversion coating for titanium that 
has shown good antigalling charac 
teristics, it appeared that cold extru- 
sion of titanium was now feasible 


successful 
recent de- 


EQUIPMENT AND BILLET 
PREPARATION 

The initial approach to the problem 
of cold-extruding titanium was based 
on information obtained from _ the 
cold extrusion of steel. Forward 
extrusion tests were conducted to 
study the effects of die design and 
extrusion reduction on extrusion pres- 
sure and mechanical properties. Stud- 
ies on the flow of metal during cold 
extrusion were conducted on _ split 
billets with grid lines inscribed “% in 

apart on the dividing surface. 
Billets 1% in. in diameter by 3 in 


Table I—Size of Extruded Bars 
and Extrusion Ratios 








Area of 
Reduction cross 
in area, section, Diam Extrusi on 
per cent sq. in in. ratio 
Initial 1.767 1.50 
billet 
40 1.060 1.16 1.66 :1 
50 0.884 1.06 233 
60 0.707 0.95 2.528 
70 0.530 0.82 3.33 22 
long were extruded, Table 1, with 


reductions of 40, 50, 60, and 70 per 
cent of the cross-sectional area, using 
conical dies with included angles of 
90, 120, and 150 degrees. 

Extrusion tests were performed on 
a 700-ton hydraulic press equipped 
with a die cushion having 100-ton 
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40 50 60 70 40 50 60 
Extrusion reduction, per cent 


Fig. 2—Typical design of dies for cold 


extrusion of solid round bars. 


stripping capacity. The extrusion 
tools, Fig. 1, consist of a punch, 
container, interchangeable dies, back- 
ing plate, die holder, and ejector. 

The die design adopted, Fig. 2, is 
used in cold-extruding steel. The first 
die land is the bearing surface of the 
die and determine billet size; the lower 
lands are larger in diameter and act as 
guides to prevent buckling of the ex- 
truded bar during ejection. 

Extrusion billets prepared from hot 


rolled and annealed bars of AMS 
4900 and AMS 4921, centerless 
ground to 1.480 in. diameter were 


used. Split billets for the studies on 
metal flow were Grade AMS 4900 
only. Grid lines one quarter in. apart 
were inscribed on each dividing 
surface. One end of both the solid 
and split billets was chamfered, either 
45, 30, or 15 deg, to correspond 
with the 90, 120, and 150-deg dies. 
Fluoride-phosphate coating was ap 
plied to both solid and split billets 
The coating is produced by immer- 
sion at room temperature for 1-2 
minutes in a bath containing sodium 
phosphate, potassium fluoride, and 
hydrofluoric acid. A lubricant mixture 
consisting of petroleum oil, 10 per 
cent colloidal graphite, and 10 per 
cent molybdenum disulphide was used 
in conjunction with the coating 
EXTRUSION TESTS 
Difficulties were encountered when 
extruding split billets with reductions 
greater than 5O>per cent. The diffi- 
culties were a result of the type of 
die used. When high ejection loads 
were required, the extruded bars upset 


Fig. 3—Effect of extrusion reduction on initial-flow pressure for cold 


extrusion of unalloyed titanium with 90, 120, and 150 degree dies. 


Table Il—Average Hardness at Surface and Center of 
Coid-Extruded Unalloyed Titanium Bars 





Grade AMS 4900 
Average Hardness, Bhn“? 


Extrusion 

Reduction, 
Per cent Surface 
Annealed billet 145 
90 deg Dik 40 200 
50 203 
60 210 
120 deg Di 4( 198 
>f 200 
60 225 
150 deg Dix 4 205 
SI 213 
a! 222 


Grade AMS 4921 
Average Hardness, Bhn®? 


Center Surface“ Center 
145 195 195 
185 264 250 
195 264 253 
200 275 261 
185 268 253 
190 275 256 
203 286 | 264 
195 275 258 
203 294 271 
208 No Data No Data 





*) Standard 0.250 in tensile specimens. Tensile data are the average for two specimens 


Hardness measured at depth of 


. in. from surface 





into the recesses, preventing removal 
of the bars from the die. 

Reductions up to 60 per cent were 
accomplished successfully with solid 
billets of both grades. A 70 per cent 
reduction was possible with a 90-deg 
die, but, as in the case of the split 
billets, the extruded bar could not 
be ejected from the die block. 

Billets were extruded at a speed 
of 6 ipm (measured as punch speed), 
except for one test in which the speed 
was increased to 20 ipm. A compari- 
son of the recorded data indicates that 
higher speeds may be more desirable 
in that the working pressures required, 
both for initiation of flow and for ex- 
trusion, were substantially reduced 

Working pressures were compara- 


ble to those necessary for mild 


Product Engineering — Mid-October, 1957 





steel. Maximum pressure 
quired to initiate flow, after which the 
pressure dropped as much as 30 per 
cent. Extrusion pressure 
linearly with the per cent reduction, 
Fig. 3. Pressures varied from 105,000 
psi to 282,000 psi over the range of 
conditions employed for testing. 
Good surface finish was obtained on 
the extruded bars, Fig. 4, indicating 
that the fluoride-phosphate coating 
was effective in preventing seizing. 
Surface imperfections found on the 
bars were caused by chattering during 
ejection—a condition that may be 
eliminated by redesigning the dies to 
remove the die-land recesses. Exami- 
nation of the dies revealed slight evi- 
dence of die wear and galling only 
when ejection difficult. Dimen- 


was re 


increased 





was 
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90-deg die I20-deg die 


Fig. 4—Unalloyed titanium bars extruded with a 60 per cent 
reduction through 90, 120, and 150 degree dies. 


90-deg die 
150-deg die 





Table 11l—Mechanical Properties of Grade AMS 4900 Unalloyed Titanium 
in Annealed and Cold-Extruded Conditions‘) 





Extrusion 
Reduction, 


per cent Offset psi 


Annealed billet 47 ,000 


90 deg Die 40 7,500 
50 7 500 
60 ,000 


120 deg Die | 40 70,000 
50 74,000 
60 74,000 


150 deg Die 40 68 ,000 
50 71,000 
60 61,000 


Yield Strength, 
0.2 per cent 


Ultimate Reduction 
Strength, in Area, 
psi per cent 


Elongation, 
per cent 
in lin 


60 , 000 65.0 40.5 
90 ,500 45.3 16.5 
89,500 48.0 17.0 
96 , 500 42.4 16.5 


87 ,000 50 17.5 


92,500 43 
96 ,000 42 


15.0 
16.0 
87 ,000 50 17.0 
92,500 47 15.0 
92,500 47 13.5 





*) Average of at least 5 readings. Rockwell values converted to Bhn, 3000-kg load 


sional tolerance on extruded bars was 
maintained to within 0.001 inch. 
Sections of the split bars extruded 
with 50 per cent reductions through 
the 90, 120, and 150-deg dies, show- 
ing the distortion of the inscribed 
grids, are presented in Fig. 5. The 
flow patterns produced are of the 
same type observed during cold ex- 
trusion experiments with steel. 
During the initial stage of extru- 
sion, the core of the billet advances 
into the die with little deformation 
taking place, but the peripheral fibers 
undergo severe axial compression. As 
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the billet begins to extrude, the flow 
becomes markedly nonuniform be- 
cause of the action of shear stresses 
on the outer fibers. Along the axis 
of the bar (central grid zones), de- 
formation eccurs principally as simple 
elongation (and compression) with a 
slight amount of shear. The outer 
grid zones undergo an equal amount 
of elongation, but are also subjected 
to additional shear deformations in- 
creasing in magnitude toward the bar 
surface. Total deformation of the 
pheripheral fibers is greater than at 
the axis of the extruded bar. 


120-deg die 150-deg die 


Fig. 5—Sections of split bars extruded with a 50 per cent 
reduction, showing effect of die angle on grid distortion. 


Measurement of the grid spacings 
in the extruded bars showed that: 

1) Except for the initial flow por- 
tion, the grid zones are uniformly 
compressed and elongated over the 
cross section of the bar 

2) The compression of the grid 
zones is proportional to the per cent 
reduction. 

3) The elongation of the grid zones 
is proportional to the extrusion ratio 

The fiber structures of the bars ex- 
truded from solid billets, 60 per cent 
reduction, corresponded very closely 
with the metal-flow patterns obtained 
with the split billets, 50 per cent re- 
duction. The fibers are coarsest at 
the center of the bars, where the least 
amount of deformation occurred, and 
finest at the bar surface, where maxi- 
mum deformation took place. As the 
die angle increased, the structure near 
the surface of the bar becomes finer, 
but the center remains unaffected. For 
a given die angle, the over-all fiber 
structure was increasingly finer as the 
per cent reduction increased 

The micro structure of the hot- 
rolled and annealed billets consists of 
coarse, plate-like grains of partially 
recrystallized alpha titanium. The 
microstructures of the extruded bars, 
both solid and the split _ billets, 
exhibits a severe distortion pattern 
with a much finer grain size. The grain 
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size decreases as the per cent reduc- 
tion increases, but is unaffected by the 
angle of the die. 


MECHANICAL PROPERTIES 

Hardness measurements made on 
the longitudinal cross sections of each 
extrusion show the variation in work- 
hardening occurring as a result of the 
differences in deformation between 
the center and the surface of the bars 
To avoid the effects of microvaria- 
tions within the bars, Rockwell meas- 
urements were made. Except for the 
initial-flow zone, which was only 
slightly deformed, hardness both at 
the center and the surface of the lon- 
gitudinal cross sections was uniform, 
Fig. 6, along the length of the bars 

The centers of the bars were gen- 
erally 10 to 20 Bhn softer than the 
surface metal, which was more 
severely deformed during extrusion 
Hardness, both at the center and sur- 
face, increased as both the per cent 
reduction and die angle increased 
Table II indicates that this increase 
was small. The over-all hardening 
effect produced by cold extrusion is 
appreciable, the total hardness in- 
crease ranging from 40 to 80 Bhn for 
Grade AMS 4900 and from 55 to 
100 Bhn for Grade AMS 4921 

Table III and IV list the tensile 
properties of the bars in the various 
extruded conditions. The ultimate 
strength of Grade AMS 4900 in- 
creased from 60,000 psi, as annealed, 
to strengths in the range of 87,000 
to 97,000 psi, after cold extrusion, 
with a corresponding reduction in 
elongation from 40.5 to about 16 per 
cent. Grade AMS 4921 increased in 
strength from 83,000 psi to values in 
the range 109,000 to 119,000 psi, with 
a decrease in elongation from 31.5 to 
about 14 per cent. The ultimate 
strength increased only slightly as the 
extrusion reduction increased—about 
3000 psi for each 10 per cent increase. 
Increasing the die angle for a given 
reduction from 90 to 150 deg had no 
significant effect on either strength or 
ductility of the extruded samples. 


SUMMARY 

This preliminary research demon- 
Strates that unalloyed titanium can be 
cold - extruded successfully. The 
fluoride-phosphate coating, in combi- 
nation with a suitable lubricant, is 
effective in preventing seizing between 
the workpiece and the die and in 
producing a good surface finish. Work- 
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~U rer Vent MeauCction D0 Per Cent Reduction 60 Per Cent Reduction 


80 80 82 83 25 82 
° * . - . . 
150) (50) (159) 158) (156) 





93 
. 
(200) 
93 
. 
(200) 
92 
ie . 
A216) (195) 





96 92 

. 7 
(195) 
93 
. 
200) 
92.5 
+ 
(198) 











94 

. 

(205) 
Actual hardness determined by Rockwell "B” measurements, 


i929 
corresponding Brinell hardness vaives are shown in parentheses (f95) {901 | 


Fig. 6—Hardness measurement of Grade AMS 4900 titanium, using 
90-deg dies. Hardness determined by Rockwell B measurements; 
corresponding Brinell hardness shown in parenthesis. 


Table I1V—Mechanical Properties of Grade AMS 4921 Unalloyed Titanium 
in Annealed and Cold-Extruded Conditions(a) 





Extrusion vy Strength, Ultimate Reduction Elongation, 

Reduction, r cent Strength in Area, per cent 
per cent set psi psi per cent in 1 in 

} 

| 


Annealed billet | 70,000 83,000 42.0 31 5 


90 deg Die 40 82, 000 112,000 | 30.8 
50 82,500 114,500 27 
60 | 90,500 119,000 Jd 
40 91,500 | 110,500 27 
50 95,500 | 115,000 4 


120 deg Die 


) 
60 83 , 500 117 ,000 1 
150 deg Die 40 | 82,500 | 109 ,000 31 


50 82,500 112,000 28 





*) Standard 0.250 in tensile specimens. Tensile data are the average for two specimens 


ing pressures are comparable to those 
required for the cold extrusion of steel REFERENCE 
under similar conditions. Work-hard- Cold Extrusion of Unalloyed Titanium 
ening during cold extrusion results in >Y A. M. Sabroff, Assistant Chief; O. J. 
increases in strength of 25 to 60 per Huber, Principal Metallurgist; P. D 
cent, yet adequate ductility is main Frost, Chief; Light Metals Division, 
: - , ' Battelle Memorial Institute, Columbus, 
tained. Extrusion permits unalloyed Oh Niel wie i by M: al 
2 7 10 esearc sponsorea y Materials 
titanium to be shaped, without ma- Laboratory, Wright Air Development 
chining, and strengthened, by cold Center. Presented at the Annual Meeting 
working, for applications that nor- of ASME, Nov. 1956, New York, N. Y 
mally do not permit its use. ASME Paper No. 56-A-88 
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Fig. 1—Austentic§ stainless steels gain 
strength rapidly when rolled at a sub-zero 
temperature. Rolling temperature, —105 F. 


Type 301 shows the greatest gain. 





Rol 


Yield and tensile strength, psi. 





led ot -IO5F 


Rolled ot-320F 
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Elongotionia 2 in., per cent 





Reduction in thickness, per cent 


Fig. 2—Type 302 stainless rolled to 130,000 psi yield strength has 
about the same ductility regardless of process temperature. Ultimate 


strength increases with lower process temperatures. 


Elongation is 


about the same for all the process temperatures. 


Low temperature working 


strengthens stainless steel 


V. N. KRIVOBOK e C. R. MAYNE, international Nickel Company 


Low temperature working of austeni 
tic stainless steel causes 

e An 
Annealed type 302 steel is nearly 2'2 
320 | 


Compared 


increase in tensile strength 
as at room 
with other 


metals, stainless steels show the great- 


times stronger at 
temperature 


est increase in strength at low tem- 
peratures; most other metals embrittle 
rapidly 

e As temperature drops, stainless 
steels, in general, lose toughness far 
than 
cold-worked 


less other metals. Hardened o1 


stainless steels show an 
ductility. Elongation of 
the 


doubles at 


increase in 
302 in condition 


150 Ff as 


type hard 


more than 
compared to room temperature 

e Stainless steels cold-worked at 
sub-zero temperatures will retain the 
low temperature properties when 
warmed to room or operating temper- 
atures, and do not lose these physical 
or mechanical properties at tempera- 


tures up to 800 Fahrenheit 
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e Reason for these property gains 
increase in rate of which 18-8 stainless 
steels work harden at sub-zero temper 
Type 302, for example, has a 
160.000 psi 


ature 
tensile strength of when 
cold-worked at room temperature to a 
40 per cent reduction. Tensile strength 
is 250,000 psi when reduced the same 
amount at 320 Fahrenheit 


ADVANTAGES OF 
LOW TEMPERATURE WORKING 


18.8 at sub-zero tem 


peratures, the steels can be strength 


By working 


ened to the same degree with less 
working than is required at room tem 
steels re 


With 


same amount of working, 18-8 steels 


peratures. Sub-zero formed 


tain much greater ductility the 
can be strengthened at low tempera 
tures to a greater degree, and suffer no 
serious loss in ductility. Cold-rolled 


tempers can often be formed more 


successfully at low temperatures. Figs 


1 and 2 show steel properties at vari- 
Ous process temperatures 

In forming, an annealed material is 
hard, o1 
sub-zero 
only 


not necessary. A “% or 2 
other tempers, respond to 
treatment. The work 
placed in a cold chamber or bath at 
the proper temperature prior to form 
ing. As long as the work is sufficiently 
cold, neither the tools nor the atmos 
phere surrounding the work need be 
artificially chilled 

The material should be 


need be 


worked as 
soon as possible after removal from 
the cooling bath. Before each succeed- 
ing pass the metal should be chilled 
again to remove heat generated by 
working. At the end of the processing 
the metal may be allowed to come to 
room temperature naturally 
Commercial refrigerators will lower 
metal temperatures to 150 F or 
lower. Solid carbon dioxide plus alco 
hol, chloroform, or tetrachlo- 
ride are used to lower temperatures to 
105 F; 
the temperature to 


carbon 


liquid nitrogen will lower 
320 F 


REFERENCE: 

“Freezing plus Working Strengthen 
Stainless,” by V. N. Krivobok and C. R 
Mayne. Published in Metalworking Pro 
duction, December 30, 1955, pp 1231 


2232. 
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From [he [ool Engineer 


lastic faced dies 
or metal-forming 


JOHN DELMONTE, general manager, Furane Plastics, Inc 


S. CCESSFUL forming and drawing of sheet metal by plas 


tic-faced metal dies indicate the durability and versatility 
of this relatively new application of epoxy resins. Through 
appropriate reinforcement or formula modification, me- 
chanical properties of epoxy plastics can be adjusted to 
meet particular metal working requirements. These include 
controlling properties such as stiffness and resiliency 

The resilient surface of flexible epoxies give good ironing 
qualities that are necessary in the proper forming of many 
products. Also, because plastics can be cast to size, it is 
possible to produce accurate reproductions of plaster 
wood, and metal patterns or molds without further finishing 
operations after the part is removed from the mold 

One advantage of plastic facings is that the rapid setting 
allows the possibility of placing the tool in operation in 
from 24 to 48 hr. However, unless a heat-resistant epoxy is 
used, most die facings must be used at room or moderate 
temperatures. Repair or replacement are accomplished easily 
by the use of an epoxy cure, at room temperature, aided 
by a heat lamp to set the plastic facing on the metal die 


Reinforcements. Forming or drawing of steel imposes limi- 
tations upon plastic die facings. Unless steel inserts at wear 
points are used to give strength and stability productivity 
is limited. Glass fabric reinforcements for toughness may 
also be used to increase productivity. Creep tendencies are 
reduced to a minimum with reinforcement 

Filled cast plastics have greater expansion coefficients 


than steel, Table I. Where cast facings are used, as in 
forming aluminum, a resilient punch facing of % to '% in 
is desirable. Resiliency should be in the range of 80 to 95 
Shore A Durometer. Fig. | indicates the effect of formula 
tion of instantaneous and 5 sec readings for three com- 
pounds. For the die member, a rigid cast face is required, 
the resiliency appearing in the punch member 

Die clearance for metal thickness in simple forming 
operations may not be necessary if the epoxy has a com- 
pression modulus of elasticity between 2000 and 6000 psi 
However, where steep draws and narrow channels are in 
volved, it is desirable to have clearance for metal thickness 
and not to rely on the resiliency of the punch facing 

When using metal cores in plastic facings the core face 
must be thoroughly cleaned before pouring die-facing 
epoxy. Sandblasting with clean sand is recommended. This 
permits a strong bonding surface and trouble-free opera- 
tion. Tooling materials such as Kirksite, lead, cast iron and 


REFERENCE: Forming with Epoxy-Faced Dies by John Del 
monte, General Manager, Furane Plastics, Inc., Los Angeles, 
California. Published in The Tool Engineer, July 1956, p. 84-86 
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Formula 


Durometer (Shone A) 


a © —____—__s_ 
45 50 


Formulation (% Plosticizer) 


Formulotion of Three Epoxies 
Formulo Base resin Pilasticizer 
Ports % Ports 
100 52.5 80 422 
100 476 100 476 
100 435 120 522 


Fig. 1—Relative resiliency for three formulations of 
epoxies. Different properties are obtained by varying 
the amount of flexible epoxy added to the mix. 


aluminum alloy cores are reclaimable, thus cutting down 
over-all manufacturing expenses while giving strength and 
wearability at points that do not need the physical charac 
teristics of steel 

Conclusion. Plastic-faced tools are highly adaptable to short 
run or limited production run tooling, depending on com 
plexity of the parts and the severity of the metal drawing 
operation. They are not a panacea for metal forming 
Plastic-faced tools should not be used for involved metal 
forming operations until experience is gained with simp! 
pieces where plastic tooling is justified. Cost savings may 


be realized by the careful application of plastic faced tools 


Table I—Typical Thermal Expansion Coefficients 





Materi 
Aluminum Alloy 
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Cast Iron 
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Table | - Recommended Abrasives and Operations of Dry Belt Grinding 


Material to Be Grain Belt Speed Contact Wheel and Density 
Ground Operation Abrasive Size stfpm Material Durometer Type 


Steel and stainless 
steel (cold and 
hot rolled 


Aluminum (cast 
and fabricated) 


Brass, bronze 
and copper 


Cast iron 


Diecasting 


Titanium 
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Table If — Recommended Abrasives and Operations for Wet Belt Grinding 


Material to Grain Size 
be Ground Abrasive Roughing Finishing 


Aluminum 
and brass 


Copper 
and lead 


Cast 
iron 


Soft 
steel 


Hard 
steel 


Glass and 
ceramics 


Plastics 


Titanium 


Belt Speed 
sfpm 


Pressure of 
Work Against 
Belt 


Coolant 
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Fig. 2—Solids of revolution. Where the weight 
of the finished component is less than 20 per 
cent of the stock rod weight used to manu- 
facture, diecasting may prove more economical. 


Fig. 1—Diecasting of simple 
form. Tapered hair-spring 
pin of a wrist watch is eco- 
nomically produced as a 
zinc-alloy casting. Most small 
production parts are usually 
best produced by 
from bar stock. 


turning Fig. 3—Bored parts. Increase of handling 


costs because of boring operation often makes 
‘ die casting competitive with machining. High 
. material wastage is offset by casting. 
0.0/8 
I 


( 


Fig. 4—Blind and interrupted slots, bores with 
slant ends or terminal ribs require only a 
simple die. Machining would be difficult and 
expensive especially for forming the slots. 























Both can be made by simple die casting; cost 
saving on (B) would be greater. 


Fig. 5—Economics of die casting often depends 
on part shape. Cam (A) is simple to machine 
but cam (B) is almost impossible to machine. 
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From: Metalworking Production 


Diecasting vs 


H. K. BARTON, 
Chinley, Stockport, England 


Ma HINING is One of the speediest 
and cheapest methods of manufactur- 
ing small components of simple form, 
and over a wide range of products 
no other manufacturing method can 
compete. Diecasting probably is the 
greatest 


competition to machining 


Articles produced by repetition ma- 
chining may be manufactured more 
economically by diecasting 
Generally, the larger the number 
of distinct operations required to pro- 
duce a given component, the more 
economical is the diecasting process 
However, there are instances where 
components of simple form are die- 
cast, often because of size. Fig. 1 is 
an example of a simple diecast part 
Components that are perfect solids 


Di0 


of revolution can almost always be 
produced more efficiently by machin 
ing, within the size range where the 
processes are competitive. The excep- 
tion is where material wastage is high, 
Fig. 2, and overall diecasting costs 
become less expensive. If boring 
operations are required, Fig. 3, cast 
ing is more economical even if the 
parts are perfect solids of revolution 

Also, when a component has one 
or more features involving slotting, 
milling, boring of crossholes or the 
formation of blind keyways, Fig. 4, 
it is likely, where quantity is needed, 
that diecasting will be less expensive 
Quantity is an important consideration 
in diecasting since the tool cost is high 
and can be amortized only over long 
production runs. 

For the types of components where 


axis. 


. = 


(B 


(A 


Fig. 6—Dimensional limits depend upon par 
(A) Axis is in plane of parting line; (B) 
normal to parting line. (B) Requires undercuts 
to remove the part from the die. 


Machining 


casting and machining are competi- 
tive, it is seldom worth constructing 
a die for fewer than 15,000 to 20,000 
units. Large savings probably require 
quantities of 100,000 or more. These 
are, however, exceptions 

For example, the small eccentric 
cam, Fig. 5 (A) could be made by 
machining; the cam, (B), however, is 
different in form and would be diffi- 
cult to produce by machining. Both 
could be cast and at the same pro- 
duction rate, but the saving per unit 
would be greater for cam (B). A 
smaller cover the 


quantity would 


initial tool cost for diecasting 


LIMITS ON DIECAST PARTS 
Limits that can be held vary in 
practice according to the manner in 
which the diecasting is produced. In 


Product Engineering—Design Digest Issue 














FABRICATION AND PRODUCTION 








Fig. 
block to form external portion of casting. (B) Block forms 
internal bore. Both parts have axis in plane of parting line. 


7—Sliding blocks to 


Fig. 8—Effect of cavity disposition ber 


on 








I ] Die parting 


Fig. 10—Cylindrical forms 
require taper. (A) 
parting gives identical 
diameters. (B) Axis perpendicular 
requires side wall taper. (C) Part 
tapers from parting line; end diam- 
eters equal. 


may 
Axis parallel to 


line end 


they are affected by the 


disposition of the 


particular, 


orientation and 


cavity between the die members 


Orientation is the position of the axis 


of the compartment which may lie 


in the plane of the die parting, Fig. 6 


(A) or at right angles, (B), to the 


plane of the die 
The 


diameter of 


parting 
only when 
the 


next 


possible 


latter is 
no component Is 
adjacent di 
the 


withdrawn 


greater than the 


ameter, looking towards 
If the 


cleanly 


parting 
casting cannot be 


from a simple die, by means 


of an undercut, it is necessary to form 


a portion, or even the whole surface, 
of the 
sliding block 

A laterally 
in Fig. 7 (A) 
form 
that 


parting 


component within a laterally 


sliding block is shown 
Sliding blocks are also 
bores of 
the plane 
(B). Such 


section, of 


used to internal com 


have axes in 


Fig 


are often, in 


ponents 
of the line, 
holes 


difficult of 


cored 
impossible to 


Flatted 


a ftorm 


achieve by machining splined 


and polygonal bores are common 
Although a 
forms can be machined, 
flat-bot- 


casting 


limited range of non 


circular holes 


so formed must always be 


tomed. Cored holes in have 
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component must taper from the part- 
ing line to allow for part removal 


INSERTS FOR DIECASTINGS 


To avoid the need for combining 
quick-chilling and slow-chilling  sec- 
tions, Fig. 11 
Fig. 11 (B) 


rod or tube, but brass, aluminum or 


(A), an insert ts used, 
The usual type is a steel 
copper may be used. Inserts must be 
made for easy placement in the open 
die, and be held firmly by the closed 
die so that they are not displaced by 
the pressure of the injected metal 
They also need provision for secure 
anchorage within the casting after it 
has solidified 

Inserts are used mostly to improve 
some casting property—strength, wear 
They can be 


to eliminate an assem- 


resistance, and others 
used, Fig. 12, 
bly operation 
Inserts will frequently facilitate as- 
sembly. Fig. 13 shows a widespread 
application where a threaded stud is 
cast in place within the shank of the 
diecast knob by using an insert 


THREADS IN DIECASTINGS 

may be formed 
with the axis either normal to, or in 
place of, the die parting. When paral- 
lel to the parting line a flash is formed 
at a diameter of the thread, and this 
must be trimmed, if heavy, before 
Frequently, the flash is 
light and brittle enough to allow the 
nut to be threaded without any prior 


Diecast threads 


assembly 


cleaning or deburring operation 

To avoid the necessity of construct- 
ing a trimming tool conforming in 
shape to the thread profile, the thread 
may be modified as shown in Fig. 14. 
The full thread is formed only as 
two opposite 120 deg arcs of the cast- 
ing, and the sides are 
that a_ straight-sided 


can be used 


flattened so 
trimming tool 
For most purposes, the 
thread has adequate strength. Threads 
formed with the axis in the parting 
plane are subject to dimensional 
variation. 

Uninterrupted thread form of high 
with the thread 
perpendicular to the parting 
plane. The thread is formed in the 
die cavity and can be released only 

Three methods are 
unscrew the threaded 
cavity while holding the casting im- 
movable in the closed die; (2) to 
rotate the casting until it is clear of 
the die cavity; and (3) to form the 
threaded portion of the cavity in a 


Di2 


precision is cast 


aXis 


by unscrewing 
used: (1) to 








(A) 


Fig. 12 Right—Knob assembly. (A) 
Conventional assembly requires sev- 
eral machining operations to fit cap 
and rod. (B) Knob is diecast around 
the head of steel rod. 





























Fig. 13—Threaded stud of small diam- 
eter, if integral with the casting, would 
be prone to fracture at the base. Insert 
eliminates section thickness change and 
carries thread to form stud. 











Pil/box 











Fixed member 


Notched for 
“unscrewing 


Fig. 11 Left—Tubular inserts. (A) 
Integral skirt presents cooling prob- 
lem caused by abrupt section change. 
(B) Insert simplifies casting by reduc- 
ing abrupt wall thickness change. 


Fig. 14—Flatted sides on a diecast threaa 
simplify trimming by allowing a straight- 
sided tool to be used. Threads thus 
formed have adequate strength for most 
applications and are inexpensive. 


Fig. 15—Pill-box for large preci- 
sion thread. Pill-box is ejected with 
the casting, which is then gripped 
in a fixture so that the pill-box can 
be unscrewed from it. 


Moving member 


A Fixed core 





Fig. 16—Loose cavity plate for 
small parts requiring high pro- 
duction. Multi-cavity die per- 
mits many parts to be produced 
at same time. Runner metal is 
removed after ejection. 
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loose die element, which is removable 
from the tool for removing the thread 
Large diameter threads are usually 
formed in a pill-box, Fig. 15. This 
is ejected together with the casting 
Normally, the diecasting die is con 
structed to take several pill-boxes 
Small threaded parts are made in 
plates they 
uneconomical to produce by individual 
pill-boxes. Loose cavity plates are also 
used for small parts as shown in Fig 
16. The small pillar can be machined 
from bar stock but is difficult to cast 
of the sudden the 
This induces the 
suddenly thickened zone the 
shoulder when the component is fed 
from the 
When the metal is injected at the 
smaller end of the bore, porosity can 
be avoided. This is only possible, how- 
ever, when the components are orien 
with the the parting 
In this instance, it was 
possible, since the part had 
plated the flash-line could 
be entirely masked 
sinking the cavities in a loose plate, 
and injecting the metal into the space 
at the rear of the plate, all the cavi- 
filled 
end of the bore and porosity avoided 
METHOD SELECTION 
Many factors affect the choice 
the manufacturing method besides the 


loose cavity since are 


because step in 


bore. porosity in 


above 


bore 


tated axis in 


plane. not 


to be 


and not 


However, by 


ties could be from the small 


of 


Table II- 


Selection Factors of Various 


FABRICATION AND PRODUCTION PROCESSES 


Table | 


Cost Comparison of Various Processes 





PROCESS FACTORS 
Low numbers indicate most 
favorable process 


Sand-« isting 


Shell-mold casting 


Plaster-mold casting 


Turned-bar stock 


Impact Extrusion 
Hot pressing 
Compression m« 


lding 


Small stamping or pressing 
Injection molding 
Zinc-base diecasting 
Aluminum permanent 
Light-alloy diecasting 


Large stamping or pressing 


Tool 
Mainte 





*Generally used without applied finis! 


ability of the 


produce the part 


specified method to 
Table I the 
relative cost standings of the various 
This Table 
in conjunction with Table II, Selection 


ot 


lists 


methods should be used 


Factors Various which 


shows the important properties or ad 


Processes, 


vantages of the processes 


Processes 
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The Diecasting Process by H. K 
ton. Published by the Macmillan 
Ne W York, 


Bat 
Cor 


pany 





SELECTION FACTORS 


Low numbers indicate most 
favorable process 


Large stamping 


Ww pressing 


Adaptability to product styling 
Size range 

Minimum size 

Maximum size 

Dimensional accuracy 

Natural finish 

Scope for applied finishes 
Possible thinness of section 
Possible thickness of section 


Ease of incorporating inserts of 
other materials 


Possible complexity of form, external 


Possible complexity of form, internal 


casting 


iecasting 
Small stamping 
or pressing 

ompression 


Al permanent 


mold 
liccasting 


Injection 
molding 
molding 


Zinc-base 


Cc 


Hot pressing 


Turned bar 


stock 


oo 





*No data, or inapplicable 
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ASME Handbook 


Electroforming... 


e for exceptional surface finish or detail 
e for high precision 


e for complex internal design 


E vr TROFORMING consists in the for 
mation of parts entirely by electro 
deposition In many instances, the 
process is competitive with standard 
fabricating procedures; in others, its 
main advantage is in the production of 
complex shapes to close tolerances on 
inside diameters and with mirror-like 
finishes on internal surfaces 

Parts are formed upon removable 
molds which may be grouped into 
three major categories: (1) solid man- 
drels; (2) expendable mandrels; and 
(3) nonconductive mandrels. Selection 
is dependent on the design of the unit 


and consideration of costs 


APPLICATION OF MANDRELS 


Solid mandrels are of two types 
(1) where there is sufficient taper to 
permit removal of the shell, and (2) 
where removal of the shell is depen 
dent upon sufficient difference in the 
coefficient of expansion between the 
material used for the mandrel and 
the material used for the shell 

There are several methods to as 
sure the separation of the shell from 
the mandrel. A parting compound 
may be applied, such as carbon black. 
beeswax, collodion, turpentine, potas 
sium dichromate, and solutions of 
selenium or arsenic salts, which allow 
plating over the mandrel but prevent 
a strong bond from forming between 
the mandrel and the plated metal 
Another method is to plate with a 


Material abstracted from “ASME Hand 
book of Processing”, Chapter 9, Electro 
forming by S. Fialkoff, H. Levi, and D. M 
Manley. Handbook to be published by the 
McGraw-Hill Book Company in 1957 
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metal that can be melted out, such 
as tin, or with one that will give 
weak bond between plating metal and 
the electroformed shel! 

An example of the use of tin 
telescopic tubing. The mandrel is in 
tially tin-plated and the first tube elec 
troformed. This in turn is tin-plated 
and the second tube electroformed 


Method 
assures that the tubes will be free 


The tin is then melted out 


from wobble 

Another method uses a solid man 
drel fabricated from an ailoy that 
has a very low coefficient of expan 
sion, such as Invar or Kovar. After 
electroforming, the shell is removed 
As the 
shell expands more than the mandrel 


trom the mandrel by heating 


the mandrel can be slipped out 

Expandable mandrels are used for 
complicated shapes where twists o1 
bends are required, such as housings 
and wave guides. There are two types 
(1) fusible, and (2) dissolvable 

The fusible type consists of low 
melting-point alloys, such as Cerro 
bend, Cerrobase, or Cerrotru, which 
are centrifugally cast in the desired 
shape. After grinding and polishing, 
the required thickness of metal is 
deposited upon the mandrel and the 
mandrel is removed by melting out, 
usually in a hot oil base. These alloys 
may be recovered and recast into new 
shapes and complex forms 

Dissolvable mandrels can be made 
of commercially pure aluminum or 
aluminum alloys which dissolve in 
sodium hydroxide, or zine which dis 
solves in hydrochloric acid, or ordi- 


nary cold-rolled steel which dissolves 


in hydrochloric acid. The mandrel is 
dissolved out after the required metal 
thickness Is deposited Waxes are used 
for some mandrels, but close toler- 
ances can not be held 

Nonconductive mandrels find ap- 
plication where complicated shapes, 
extremely intricate designs, or unique 
surface finish, such as wood grain or 
leather grain are required. These man 


drels are usually made of plastics 
that are permanent at 150 F and not 
heavily plasticized The plastic piece 
is first designed and then metallized 
with a conductive coating such as 
silver paint which is sprayed on. De 
position of the required thickness of 
metal is followed with the burning 
out cutting out of the plastic 
mandrel 

These mandrels also are used where 
it is intended that the mandrel will 
be a part of the finished product 
One example is in the construction 
of airplane propellers made of im- 
pregnated wood and coated with 0.010 
in. of nickel. Others include plating 
over plastics, as with electric razor 
housings, or by masking to get a 
combination of a colored plastic and 


a polished-metal surface 


TOLERANCES AND SURFACE QUALITY 


Iwo important features of the elec 
troforming process are the maintain- 
ing of close tolerances and perfect 
internal surface finish. With permanent 
mandrels tolerances of 0.005 in. 
are no problem, as the mandrel can 
be machined and ground to precise 
form to which the plated layer will 
internally. Wall 


thickness and outside tolerances of 


absolutely conform 
the part are controlled by adjustment 


of the plating-bath characteristics 


Tolerances of 0.001 in. on ex- 
ternal dimensions are easily held in 
production 

light tolerances are also possible 
with fusible mandrels if sufficient care 
is taken in casting and finishing. But 
generally, in production work, high 
precision is not essential, and as the 
mandrel must be cast and ground for 
each piece and can not be used re- 
peatedly, tolerances of 0.002 in 
are generally maintained. Greater pre 
cision would involve excessive time 


and expense but can be achieved 


DESIGN CONSIDERATIONS 


Rounds, squares, hexagonals, re- 
cesses, undercuts and other variations 


can be combined in a single design 
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Many of tnese variations could not 
be produced in any other way. There 
is little limit to the complication in 
shapes that can be electroformed 

Combination assemblies. Joining by 
electroforming is often more practical 
and less costly than by a conventional 
technique such as brazing or solder 
ing. For example, in making wave 
guide sections, brass flanges and other 
parts required on the finished product 
may be attached to the mandrel and 
after electroforming become an inte- 
gral part of the shell. 

Joining may also be done during 
the electroforming process. A given 
mandrel can be covered with a basic 
layer and removed from the bath 
Parts such as rings for reinforcement 
and flanges may be fitted on, after 
which the process is continued 

Wall variations. In most instances 
it is acceptable that the outside sur 
face follow the same contour as the 
internal surface, which is the normal 
product of electroforming. However 
the external surface may be altered 
This is done by plating the entire sur 
face, masking off sections that are 
up to required dimensions, and then 
plating the exposed section to the final 
dimensions. 

Accuracy of reproduction. By the 
electroforming process the mandrel is 
reproduced with exceptional precision 
Engravers’ marks, about 0.00002 in 
wide, and the minute sound-groove 
configurations of phonograph record 
masters are exactly duplicated 

This characteristic of the process 
may be a disadvantage as any imper 
fections or scratches are not plated 
over but are reproduced in the formed 
part. Mandrels, however, are easily 
inspected, so this should cause little 
trouble in production work 

Corners and recesses. Sharp cor- 
ners and recesses are definite problems, 
but can be minimized to a considerable 
extent. This is accomplished by the 
use of such aids as conforming anodes, 
combinations of soluble and insoluble 
anodes, shields, screens and similar ac- 


cessories to form corners and recesses 


MATERIAL CONSIDERATIONS 

Besides the usual solid shell formed 
of copper, nickel, iron, or silver, 
laminates of two or three of the 
above metals perfectly bonded can 
be obtained. This can result in a con- 
siderable saving as, for example, with 
wave guides. Silver gives the best re- 
sults, but a wave guide entirely of 
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FABRICATION 


silver would be too expensive. By 
electroforming, it is possible to first 
deposit about 0.002 in. of silver, for 
the electrical characteristics desired 
and then build up to the required 
thickness with copper or nickel. Other 
types of laminated structures which 
have been used are nickel-lined iron, 
iron-nickel, copper-lined iron, and 
chrome-lined iron. 





PROCESS 





Electrodeposited metals are pure 
fine-grained, metallurgically sound, and 
Sstress- and strain-free. Electroformed 
nickel is believed to be stronger and 
harder than nickel cold-worked and 
annealed. If desired, nickel electro 
formed deposits can be annealed to 
improve the ductility with only a slight 
loss in hardness. Temperature range 
for such annealing is 300 to 450 fT 
At temperatures above this there 
would be a sharp drop in hardness 

Electroformed alloys. It is possible 
to have a bimetallic bath which will 
plate an alloy, although normally the 
electrodeposition of single metals are 
considered. The purpose of using an 
alloy might be to obtain certain me 
tallic characteristics—such as ductility, 
luster, hardness, corrosion resistance 
at some particular physical condition, 
such as high temperature 

Commercial uses of plated alloys 
have been limited. This is largely 
caused by the fact that bimetallic baths 
are more troublesome to control than 
single metals, particularly in repro- 
ducibility of exact physical character 
istics. 

Examples of alloys that have been 
plated commercially using bimetallic 
baths are iron-nickel, brass, bronze, 
copper-zinc-tin, silver-cadmium, gold 
alloys, zinc-cadmium, tin-zinc, lead- 
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AND PRODUCTION PROCESSES 
tin, nickel-cobalt, nickel-zinc, black 


nickel, and nickel molybdenum 


MACHINING CONSIDERATIONS 


The machining of electroformea 
deposits is comparable to machining 
of similar fabricated metals. Nickel 
deposits can be machined or ground 
Shaping or planing of deposits is not 
advisable, but milling of nickel de 
posits is very practical 

Cutting tools of the cast nonferrous 
and cemented carbide types are rec 
ommended. A rich mixture of soluble 
oil and water should be used as 
coolant. Suggested cutting speeds are 
80 and 120 to 175 fpm respectively 
for the two types ol tools, the feed 
in inches per revolution for both types 
should be about 0.008 in. for finish 
cuts and 0.010 to 0.015 in. for rough 
ing cuts 

For machining soft to moderatel\ 
hard nickel plate, it is suggested that 
the back rake and the side rake be 
increased to 10 and 12 to 15 deg 
respectively for the tools. For ma 
chining either hard or soft plate, a 
chip breaker ground on the face of 
the tool will aid chip disposal 

Grinding should be done with a 
silicate-bonded or alundum-vitrified 
wheel operated at peripheral speeds 
of 5000 to 6500 rpm. Loading up 
of the wheel occurs at lower speeds 
while higher speeds produce glazing 
4 soluble oil coolant should be used 
and precautions should be taken to 
prevent overheating the part, as a 
reduction in the hardness of the nickel 
deposit will take place at temperatures 


above 450 Fahrenheit 


APPLICATIONS 


In addition to the uses given, there 
are numerous other applications of 
electroforming, such as globular and 
flask-type nickel floats; copper or iron 
cones; tubing of thin or thick wall 
and inside diameters as small as 
1/1000 in.: 


cap; nozzles and venturi tubes, either 


commutator rings pen 


round, square, rectangular, elliptical 
or combinations of these 

Several basic shapes can be formed 
by electroforming where standard 
methods of production fail. Thin-wall 
and capillary tubing is easily and ac 
curately formed. Nickel tubing with 
a 0.005 in. wall and large diameters 
is formed cheaply and accurately 
Capillary tubing of 0.001 in. dia and 
with a 0.001 in. wall thickness is 


easily produced over a wire mandrel 
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Tap-drill and tap selection 


WARREN GC. OGDEN, JR.., methods engineer 


Instrumentation Laboratory, Massachusetts Institute of Technology 


Tar DRILL selection tables are gener- 
ally computed for 75 per cent engage 
ment of thread. These tables are based 
on experience with a free-machining 
material such as brass, and have little 
relationship to the wide range of met 
als now being machined or to the 
metals characteristics. Table I shows 
suggested percentages of threads for 
various materials 

Pure beryllium, hafnium, and the 
high-temperature alloys give trouble in 
tapping when the percentage of thread 
engagement is a bare minimum, in the 
range of 50 to 55 per cent. Tapping 
difficulties also arise with stringy met- 
als such as copper, drawn aluminum, 
Monel metal, nickel silver, and soft 
stainless steels, which, because of mal- 
leability, have a tendency to flow to- 
ward the crest of the minor diameter 
Thus, the effective thread engagement 
is increased. 

A 75 per cent depth of thread in 
pure beryllium will cause tap break- 
age. Satisfactory fastening strength is 
obtainable with a 50 per cent thread 
depth, in most instances, and particu 
larly when the hole depth is more tian 
1'2 times the diameter 

For the vast majority of tapped-hole 
requirements, a minor diameter that 
gives a 55 to 65 per cent thread height 
is considered adequate. The 55 per 
cent minimum is safe, and more than 
60 per cent is not needed. Percentages 
are based on thread strength tests 

rhese tests indicate that any in 
crease in thread height over 60 per 
cent for the tapped member does not 
increase the static strength of the 
threaded fastening. In general, the bolt 
will break at 55 per cent engagement 

The minor diameter, however, of 
the internal thread has an important 
relationship to the torque required to 
drive the tap. As a general rule, torque 
is doubled when the percentage of 
thread height is increased from 60 to 
72 per cent, and tripled when thread 
height is increased to 80 per cent 
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Thus, the chances of tap breakage are 
increased without securing any benefit 
in respect to thread strength 

Under most conditions, drills cut 
slightly larger than their own size. In 
general, the oversize amounts to a re 
duction of thread height by 6 or 7 per 
cent. For example, in tap-drilling for 
i No. 4-40 screw, a No. 42 drill 
0.0935 in.) would be selected to ob 
tain a thread engagement of 57 per 
cent. Actually, the mean 
oversize would be 0.0020 in.., 


probable 
reducing 
the engagement to 51 per cent. For a 
No. 43 drill (0.0890 in.) the theoretical 
engagement is 71 per cent and the 
probable engagement is 65 per cent 


THREAD ENGAGEMENT TABLES 

For modern conditions the table of 
thread engagement for machine-screw 
sizes and coarse- and fine-thread series 
Tables II and III, are based on engage 
ments from 50 to 83% per cent in in- 
crements of 5 per cent. The 83'4 per 
cent engagement is included for ref- 
erence when boring holes in a screw 
cutting engine lathe in preparation for 
chasing close-tolerance threads with a 
single-point tool 


Example: With a No. 4-40 screw a 
theoretical engagement of 70 per cent 
is desired. There are four figures in the 
block under 70 per cent engagement 
and opposite No. 4-40. The top figure, 
0.0893, is the theoretical hole size. The 
next two figures show the size of the 
nearest metric drill in millimeters 
(2.25 mm) and in parentheses the inch 
equivalent (0.0886). The bottom figure 
gives the number of the American 
Standard drill, in this instance, No. 43 
(0.0890) 

Allowing for the drill cutting over- 
size, the probable thread height will be 
about 65 per cent. 

Some blocks contain only one num- 
ber, the theoretical hole size, because 
there is no equivalent standard drill, 
either inch or metric. Here, another 


height of thread must be selected. In 
other blocks, only an inch or a metric 
drill is available for selection 

Advantage: Tables, 


shown facilitate the selection of a tap- 


developed as 


drill that gives the desired degree of 
engagement. Adjustments to suit con 
ditions may be made without search- 
ing through drill tables and making 
extensive calculations for size 


TAP SELECTION 


All taps cut over their own size be- 
cause of unavoidable misalignment, 
uneven rate of feed, and many other 
factors. The amount of oversize can be 
controlled, however, by precision 
grinding the hook and chamfer-relief 
angles. Machine-screw-size taps prop- 
erly ground may be expected to cut no 
more than 0.0015 to 0.002 in. over 
their own size. As the tap starts to get 
dull, it gradually cuts closer to its own 
size because of the buildup of pressure 
between the stock and the cutting teeth 
as the chip is formed 

Many materials, 
soft, ductile materials, also close in 


particularly the 


after the chip is formed, and this close- 
in increases as the tap becomes dull 
This close-in effect is particularly 
troublesome when tapping plastics; to 
compensate for the loss in size, plastic 
taps are usually made 0.002 in. or 
more larger on pitch diameter (PD) 
than basic size 

Ground-thread taps are made in 
several ranges of PD tolerance: 

Precision ground 01 tap PD limits 
equals basic minus 0.0005 to basic 

Precision ground 1 tap PD limits 
equals basic to basic plus 0.0005. 

Precision ground 2 tap PD limits 
equals basic plus 0.0005 to basic plus 
0.0010. 

Precision ground 3 tap PD limits 
equals basic plus 0.0010 to basic plus 
0.0015 


Commercial ground tap PD limits 
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FABRICATION AND 


PRODUCTION PROCESSE 


Table 1—SUGGESTED PERCENTAGES OF THREAD FOR VARIOUS MATERIALS 





FERROUS MATERIALS 


Steels: 
A 5150 
B itil 
B I1i2 
B 1113 
C 1010 
C 1020 
C 1025 
C 1040 
C 1095 
E 4340 
E 4640 
E 52100 
High chrome-high carbon 
High speed 
Manganese steel 
Tool (low tungsten, chrome 
and carbon) 


Cast 


Stainless Steels: 
Type 302 
303 
309 
310 
316 
345 
410 
416 
430 
446 


lrons: 
Cast Iron (soft) 
Cast Iron (medium) 





Cast Iron (hard) 65 
Malleable 75 
Wrought 60 
Ni-Resist 60 
Stainless iron 65 


SPECIAL MATERIALS 


Fansteel 
Hevimet alloy 


Mallory 1000 metal 


NON-FERROUS MATERIALS 
Aluminum: 


Thread lengths should be increased 
from 10% to 40% as compared te 
length of engagement in steel. 


Wrought Alloys 65 

Cast alloys 75 
Ampco Metal 55 
Beryllium copper 60 
Beryllium metal (pure) 50 
The use of serial tags is secommended 
even with 50% thread height, to prevent 


this very brittle metal from crumbling on 
the crest of thread 


Columbium 50 
Copper and copper-zinc alloys 
(hard-tempered) 
Electrolytic tough pitch cop- 
per 
Oxygen-free copper 
Yellow brass 
Muntz metal 
Free-cutting yellow brass 
Copper (rolled) 
Copper (cast) 


alloys: 
1010 
1012 
1014 
1015 


Copper-silicon 
Everdur No. 
Everdur No. 
Everdur No. 
Everdur No. 
Duronze | 
Duronze |! 
Duronze III 
Herculoy 

Gold 

Hafnium 

Magnesium 

Manganese bronze 


Nickel-base alloys, wrought and 

cast: 

R monel 

Monel (cast) 

KR monel 

Hastelloy 

Ilium R 

inconel 

Molybdenum 

Nickel (commercial, pure) 


Nickel 
10° 
10° 
13°, extruded nickel silver 

Silver 69 

Tantalum 50 

Thorium 55 

Titanium 60 


Silvers: 
to 20° 


extruded nickel silver 


nickel silver 


fuse ( C or lithopone paste as a 


lubricant) 
Uranium 50 
Zirconium 60 








equals basic plus 0.0005 to basic plus 
0.0015 

Bakelite equals basic plus 0.0002 to 
basic plus 0.0025 

Considering the close-in factor in 
herent in various materials, it is pos- 
PD 
tolerance range which may be used in 
that material 


sible to recommend the largest 


RECOM MENDED 
TAP NO 

Brass com grd 
Alumnium 
Magnesium 
Copper 
Mild steel 
Stainless steel l 
Cast iron l 
Plastic Bakelite 


com gerd 


r com gerd 


com gerd 
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the 
range includes both precision ground 
No 2 it 
may be assumed that half of a group 
of CG taps will fall in the PG No 

range. Thus if CG taps are used where 
PG No. 2 or PG No. 3 is 
mended, some of the 
produce as many good holes per grind 


Because commercial ground 


1 and precision ground No 


recom 
taps may not 
In other words, use of CG taps cuts 
the manufacturing 
Whether it will be economical to put 
chase the more expensive PG tap de 
pends on the accuracy of the setup 
and control of the operation 

The surface treatment given a tap 
will effect, to some extent, its 
The skin-hardening on HSS taps off 


down tolerance 


use 


1957 


sets the abrasive action of some met 


used for steels 


als. Nitrided taps are 
and continuous-chip metals. Precision 
chrome plated taps are effective fo 


softer metals 


plastics and the 
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Table I! 


PERCENTAGE OF THREAD FOR MACHINE-SCREW SIZES 





0-80 


2-56 


2-64 





50% 


55(0.0520 


0.0519 
0.0516 
1.31mm 


0.0744 


0.0759 








0.0510 
0.0508 
1.29mm 


0.0841 
0.0846 


2.15mm 


—_—_—__4—_____— 


3-56 


4.40 


).0874 
) 0866 


>? 20mr 


4.48 


_ 


5-40 











0.0599 
0.0591 
1.50mm 
53(0.0595 





1.50mm 
53(0.0595 











0.0561 

0.0564 

1.43mm 
54(0.0550 


0.0465 
1.18mm 
56(0.0465 





0.058( 
0.0579 


147mm 














OF THREAD FOR 


COARSE- 


AND FINE-THREAD SERIES 
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Vg l 6 
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0.2111 
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0.2764 
0.2756 


00mm 
(0.2770 


0.2854 
0.2854 
7.25mm 


0.3479 

0.3465 
8.80mm 
$(0.3480 


0.3344 

0.3346 

8.50mm 
Q(0.3320 


—_+ 


7/\4-14 


0.3911 





0.2728 
0.2717 
6.90mm 
1(0.2720 


0.2827 

0.2835 

7.20mm 
K(0.2810 


0.3303 
0.3307 
8.40mm 
64(0.3281 


0.3452 
0.3445 
8.75mm 
32(0.3438 





0.2692 
0.2677 
6.80mm 
H(0.2660 


0.2801 
0.2795 
7.10mm 


2 
0.3426 
0.3425 


0.3263 

0.3268 

8.30mm 
P(0.3230 
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5(0.2055 
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5.20mm 
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0.2656 
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6.75mm 
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0.2620 
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0.2584 


F(0.2570 


J(0.2770 


0.2747 
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7.00mm 


0.3223 
0.3228 


0(0.3160 


0.4018 


W(0.3860 
0.3819 
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9.70 

X(0.3970 

0.3953 

0.3937 

10.00mm 
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%4(0.4531 
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Designing screw machine parts 


EARL A. THEROUX, machining department superintendent, Greist Manufacturing Company 
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Cut-off tool. _ length 
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---Stock size Collet (open) 








Turret 
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Cut-off too/ 





Facing tool 


Fig. I—MACHINING OF CONTOURS 
usually performed by cross-feeding a form- 
ing tool. Tolerance on diameters depends 
on initial accuracy of tool ground to correct 
dimensions and subsequent wear on tool. 
Tolerance of 0.001 in. on diameters can 
be held—although should not be specified 
unless necessary. Closer tolerance of 
0.0005 in. possible but requires more 
frequent inspection of parts by operator and 
grinding of tools. Note that sharp edges 
are deburred automatically by the contour 
forming tool rounding out the edges. 


Fig. 2—TOLERANCE on over-all length of 
+0.004 is easily obtained when using a stop 
to govern cut-off length. Closer tolerance of 
©0.001 is possible by facing-off the stock 
during cut-off. If a forming tool is used as 
described in Fig. 1 then the same tool will 
face off the front of the stock and deburr 
the sharp edges. 


Finishing too! 


Sharp corner 
= 








= 
| 
I 














Saw blade a, a ng 


~<4 foo/- - - 





“ 


(C) 


/ 
Burrs in si/ot 
acceptable 


(B) 





Radial arm--- 


(A) 





(B) 


Fig. 6—SHARP CORNERS usually require 
two cutting tools, the first with rounded 


Fig. 5—{A)}—DEBURRING back end of corner (A) for rough deep cut followed by 





piece (usually avoided because may need 
secondary operation) performed by slotting 
attachment described in Fig. 4 and two 
disks on each side of saw. Radial arm picks 
up part after cut-off and returns to saw 
position. Saw deburrs nipple left on by cut- 
off and is prevented from cutting too 
deeply by disks. (B) If burrs need not be 
removed then drawing should so specify. 


sharp-cornered tool (B) for finishing cut. 
This avoids sharp corner on tool (A) from 
chipping or wearing quickly but increases 
set-up and machining time. Deep undercut 
to accurate dimensions (C) also requires 
roughing tool followed by finishing tool. 
Very little machining time lost if finishing 
tool is mounted in reverse on opposite 
side to operate just behind roughing tool. 
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FABRICATION AND PRODUCTION Processes ( BD 





Specifying loose tolerances or omitting operations such as burr removal in belief 
that cost of part is greatly decreased, often leads to substandard products. Quite 
often, closer tolerances or extra operations add only to the set-up time, which is 
negligible for long runs on high production parts. 

Data are based on performance that can be expected from well-maintained equip- 
ment using a free-machining metal such as listed in Table |. 





Screw to Edge of saw blode 
be slotted 


Head stock of 
screw machine 




















Cut-off-~ 


FReamed hole ; tool 











Radial arm moves ia las Radia/i arm 
Fig. 3—CLOSE CONCENTRICITY be- down and in fo pick paneer Gy 

tween diameters obtained by proper position- up screw ae 

ing of tools (spot drill, drill, reamer) in End View 

initial set-up. Typical minimum tolerances: 

0.002 TIR (total indicator reading) between Fig. 4—SLOTTING not a problem with machines having 
machined diameters; 0.006 TIR between slotting attachment containing radial arm and saw. Arm 
stock size and machined diameters; + 0.0005 swings down, picks up part during cut-off, and returns to 
on reamed holes. Closes tolerance on reamed slotting position. Next piece machined during slotting of first 
holes requires accurate grinding of reamer piece. Slots have slight curvature at bottom because of curva- 
plus frequent gaging of finished parts. ture of saw blade. Flat bottom requires special setup. 


Screw machine 


Table I—Recommended Screw Machine Stock 





‘Die head 


Thread rolling tool 


(one on each side) 
Stainless 


Fig. 7—EXTERNAL THREADS “rolled” Stainless 
on with tool resembling knurling tool, or 
cut with die head. Avoid specifying threads 
up to shoulder—leave unthreaded portion 
of at least twice the pitch of thread. Under- 
cut if mating part must thread to shoulder. 





1.000 40.003 - 


Fig. 8—KNURLING SPECIFICATIONS 
should be approximate. Diameter after 
knurling is larger than before knurling 
therefore specify either as shown in (A) 
or in (B). Tolerance after knurling can 
generally be held to + 0.002 inches. For 
28-30 TP! Male diamond knur/ more details see “How to Specify Pre- 
Straight knurl 45 deg helix cision Knurls,” by George Barrow, Product 
Blank d1a.-0.750 Engineering, May 1952 page 142. 
Opprox 





(A) (B) 
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ARMASTEEL 


ArmaSteel’s machinability makes it outstanding in the 


ferrous field. In general, its rating is from 10% to 30% 


better than bar stock or forgings of the same Brinell 
hardness. One of the reasons for this rating is the struc- 
ture, which consists of a matrix of sorbitic-pearlite and 
spheroidized cementite in which small nodules of carbon 
are imbedded. Because of this the chips break off more 
readily in machining operations whether it be turning, 


drilling, milling or broaching. 


The machinability rating of a metal is not absolute —its 
rating can be stated only in relation to that of another 
metal. To establish the accompanying machinability 
rating table Bessemer screw stock S.A.E. 1112 is used as 
the base. In establishing these ratings, the cutting speed 
of the S.A.E. 1112 is the rate generally used in turning 
this metal on automatic screw machines. The rate of feed, 
however, is altered to that necessary to attain normal 
tool life and good surface finish when using a coolant. 
When the other metals are tested, the feeds and speeds 
are varied from these basic rates to whatever rate is 
necessary to obtain comparable tool life and comparable 


surface finish. The ratio of these rates of speeds and feeds 


MACHINABILITY RATING (PER CENT) 


STANDARD MALLEABLE IRON 


RR EE STORIE OMT RES OES 


S.A.E. 5040 


SOFT CAST 





BRINELL HARDNESS 110-145 


159-192 


179-229 


50 60 70 
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castings are easier to machine* 


of each tested metal determines the percentage of 
machinability. 


ArmaSteel is a versatile pearlitic malleable iron that 
combines the advantages of both castings and forgings. 
ArmaSteel parts can be cast by conventional sand method 
or shell mold process to relatively close dimensions in 
large quantities at low cost. Because of the excellent, 
accurately controlled physical properties of ArmaSteel, 
these parts have the strength and performance charac- 
teristics usually associated with plain carbon steel forg- 


ings. 


ArmoSteel is produced in three ranges: ArmaSteel 84M, 
ArmaSteel 85M and ArmaSteel 86M with a wide variety 
of physical properties uniformly maintained through ac- 


curate heat treating operations as follows: 


ARMASTEEL 84M is recommended where a high degree 
of strength is necessary. It usually replaces heat-treated 
steel parts in the 1040-1050 S.A.E. range. It has a 
hardness range of BHN 241-269 or 3.7-3.9mm. impres- 
sion with a 3000 Kg. load. Tensile strength is 100,000 


*When compared with medium carbon steel! forgings. 


GENERAL MOTORS CORPORATION 
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p.s.i., yield strength is 80,000 p.s.i., and percent of 
elongation in 2” is 2.0%. 


ARMASTEEL 85M is 


strength is required and where selective hardening is 


recommended where moderate 


necessary. This class usually replaces parts in the 1035- 
1050 S.A.E. range. It has a hardness range of BHN 197- 
241 or 3.9-4.3 mm. impression with 3000 Kg. load. 
Tensile strength is 80,000 p.s.i., yield strength is 60,000 
p.s.i., and percent of elongation in 2” is 3.0%. 


ARMASTEEL 86M is recommended for less highly stressed 
parts usually replacing steel parts in the 1020-1035 
S.A.E. range. It has a hardness range of BHN 163-207 
or 4.2-4.7 mm. impression with 3000 Kg. load. Tensile 
strength is 70,000 p.s.i., yield strength is 48,000 p.s.i., 
and percent of elongation in 2” is 4.0%. 


The FOUR parts illustrated below are typical of the 
hundreds of different parts and products successfully 


produced in ArmaSteel for many diversified industries. 


Write, today, for new 70 page comprehensive catalog 
. Or request personal help from our experienced en- 
gineers, without obligation. 


SAGINAW, MICHIGAN «¢ DEPT. 


26 
D23 





For any of your welding jobs 


HELIARC 
Inert Gas Shielded Arc 


Tungsten Electrode 


<=— Cooling Water | 
- } Powe 


UNIONMELT 


Submerged Arc 
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.. Linpe can supply the 
right method! 


Inert gas shielded arc welding — 
HEviARc Apparatus for inert gas shielded arc welding, using a tungsten electrode 
and a shield of LINDE argon, is tops for joining hard-to-weld commercial metals. 
On stainless steel and aluminum, HELIARC Welding is fast and clean, producing 
high-quality welds that resist corrosion. HELIARC Welding eliminates costly 
grinding and finishing, making it a valuable method for quantity production 
of hard-to-weld metals. 


Submerged arc welding — 
Shapes made of materials ranging from light gage to heavy plate, adaptable 
to mechanization, can be most economically joined by UNIONMELT Welding. It is 
used on low and medium carbon steels and alloy steels, including those 
containing chrome and/or nickel. UNIONMELT Welding is also used extensively 
for resurfacing metal, providing extra wear and corrosion resistance. UNIONMELT 
Welding is fast and inexpensive on production jobs. 


Shielded inert gas metal are welding — 
One of the most versatile welding methods is Sigma Welding. LinpDE’s Sigma 
apparatus, using a shield of LINDE argon, is ideal for manual welding of 
commercial metals 4 in. or more thick, and for automatic operation on lighter 
gage metals to .050 in. Highest quality welds can be made on aluminum thicker 
than ¥% in. at speeds up to 16 inches per minute. Build-up and surfacing jobs 
are also improved by using LINDE’s Sigma welding method. 


(/ Magnetic flux gas shielded arc welding — 

UNIONARC Welding, LINDE’s most recent development in electric welding, is an 
extremely fast method for welding mild steel. This method employs a 
continuously-fed, bare steel wire electrode, magnetically coated with flux 
conveyed in a stream of carbon dioxide shielding gas. Manual welds can be made 
easily in any position—vertical, overhead, downhand—with no stops to change 
electrodes. The speed, versatility, and ease of operation of 

of UNIONARC Welding brings costs down 25% to 65% below 
those of manual covered electrode welding. Clean, smooth, 











high-quality welds are provided, even in the presence of 


UNIONARC 
Magnetic Flux Gas Shielded Arc 


WELDING WIRE 






moderate amounts of rust, scale, and moisture. 






















Engineers at LINDE have been designing, developing, and testing elec- 
tric welding methods and apparatus for many years. Help on any weld 
ing method is yours for the asking. You can improve your work and cut 
production problems by taking advantage of LINDE’s experience. For 
data on UNIONARC Welding or any other electric welding method, call 
the LINDE office nearest you. 

LINDE CoMPANY, Division of Union Carbide Corporation, 30 East 
42nd Street, New York 17, N. Y. Offices in other principal cities. In 
Canada; Linde Company, Division of Union Carbide Canada Limited. 


FLUX AND GAS 





Ty Site) §) 
CARBIDE 


TRADE-MARK 





The terms “‘Livoe,”’ “Hextanc, 
“Untonment,”” “Unronarc,” 
and “‘Uston Carnie” are 
trade marks of Union Carbide Corporation. 


Product Engineering — Mid-October, 1957 


COMPONENT feeeeee 
FABRICATION 


KIRK & fi! Ty ween 


A WIDE RANGE OF SHEET AND PLATE PRODUCTS 


Put your sheet and plate fabrication problems up to 
specialists. Whether you require ten or ten thousand 
components, Kirk & Blum has the men, machines, methods 
and materials to do the job quickly and economically. 


MACHINE BASE 
Steel and alloy fabrication . . . sheet, plate and light 


structural ... has been a Kirk & Blum specialty for 49 years. 
Exceptional experience and complete facilities up to 1” 
thickness in carbon steel, stainless, aluminum, monel 
and other alloys. 


Send prints for prompt quotation or write for your copy 
of the latest Kirk & Blum Sheet and Plate Fabrication catalog. 
The Kirk & Blum Mfg. Co., 3223 Forrer St., Cincinnati 9, Ohio. wae One® 


KIRK « flum 


SHEET 
METAL GASOLINE TANK y 
FABRICATION : FUEL Oll TANK 





We 
Bring Your Prints 
To Life. 


CONDENSATE 
GASOLINE PUMP STAMPINGS HYDRAULIC RESERVOIR PUMP TANK 
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Problem: To produce a rugged, one-piece, 
weatherproof magneto frame for Inter- 
national Harvester farm tractors. Five 
separate magneto parts must be incorpo- 
rated into the body of the casting, and 
accurately positioned to meet exacting 
tolerances of the final assembly. Must be 
designed for fast, economical production. 


Solution: Working closely with IHC, 
Stewart Die Casting engineers developed 
a “slide die” consisting of an elaborate 
system of cores, slides and positioners. 
This intricate arrangement holds the two 
magnetic field pieces, the two magnetic 
pole pieces, and the bearing race in exact 
position while the metal is injected 
around them in the die. The result was a 
precision casting that can be produced 
economically with a minimum of rejects, 
and give dependable performance under 
all conditions. 


found the solution 


and made delivery on time! 


This is just one of many complicated die castings that 
Stewart has developed promptly ... and produced in 
quantity at low cost. 

Nearly half a century of experience, plus unex- 
celled production facilities, enables Stewart to offer 
fast, practical solutions to any die casting problem 

Whatever type of die casting you need— large or 
small, simple or intricate — you can count on Stewart 
for a quality job... delivered on schedule! 


Fa SBilig 


STEWART 


Tim) YT a wa ~~ 
si Qleu wi DIE CASTING no 


Division of STEWART-WARNER CORPORATION 


Chicago, Illinois: 4535 Fullerton Avenue + Bridgeport, Connecticut: 275 Warren Street 


46 YEARS OF SERVICE TO INDUSTRY 





One of the important component parts supplied by Standard Steel Works 
for the T. L. Smith Co. mixers is the main ring gear; another is the steel 
roller track on which the drum rides. Both parts must be precision made 
and must withstand the heaviest kind of service. 


“ 7 ee Ser we TS 
_ ; Sew 


“The T. L. Smith Co. is constantly seeking 
design improvements and production 
economies. Standard Steel Works has 
proved a big help to us in both respects.” 


As suppliers of component parts to the T. L. Smith Co.- 
world’s oldest and largest manufacturer of concrete mixers 
we have made it our business to get to know their business 


well enough to consider ourselves a part of their team. 


It is our policy to work in the closest possible cooperation 


with all of our customers to assure maximum quality at “We are porticularly impressed with Stondard’s 
lowest possible cost. Let us discuss your casting and forging methods-people and the way their engineers so 
’ ffectivel le t tantl - 

needs with you. You'll find that service to our customers cesecmep Aan wneisislivcaeltegaten nn hen asncpedl aa 
- ‘ gesting design improvements and production econo- 

is as important as the quality of the products we make. mies,” says R. R. Kupfer, purchasing agent for the 


Write Dept. 4.K. T. L. Smith Co., Milwaukee, Wis 


Standard Steel Works Division Lom 
BALDWIN :- LIMA: HAMILTON ee, 


° 
“a7 
BURNHAM, PENNSYLVANIA Rings © Shafts e Car wheels e Gear blanks e Flanges ® Special shapes THAM Ham 
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STEEL TUBING TIPS: 


GM Steel Tubing Engineers 
offer cost-saving fabrication 
advice at the design stage! 


Designers of automotive. refrigeration and other prod- 
ucts have found that GM Steel Tubing Engineers can 


offer many cost-saving lips in the planning stage. 


Industry standards are sometimes sufficient when 
designing a simple tubing application. But a review 
by the tubing engineer can often suggest ¢ hanges which 


will effect greater economies in volume production. 


For example, it is usually more economical to incor- 
porate tubing of minimum thickness and diameter. 
However. the tubing engineer. with his knowledge of 
tubing manufacture. can tell you when a greater wall 


thickness or diameter will ac hieve greater economies, 


And the tubing engineer's knowledge of fittings will 
help you at the planning stage. Based on operating 
conditions. he can recommend the fitting that will 
work best at the least cost. Keeping up with the latest 
tubing advances also makes it possible for him to show 
you how to take advantage of savings with tubing 
for fabricated parts and mechanical applications other 


than fluid or gas carriers 


The design of formed steel tubing connecting lines 
is another area where the tubing engineer can be of 
great help to the designer. Again, standards and rules 
may prove inadequate if you are to be absolutely 
sure ol the most economical part to do the job. The 
tubing engineer can tell you how to get the greatest 
number of bends for the least cost, how tubing will 
react when formed by various methods to give you 


the most eflicient design. 


When designing any product requiring tubing, con- 
sult vour GM Steel Tubing Sales Engineer in the 
planning stage. Or, for general information, write 
direct to: Tubing Sales Manager. Rochester Products 
Division of General Motors, Rochester, New York. 


GM STEEL TUBING by 
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HOW TUBING ENGINEERS 
CAN HELP YOU PLAN 
FOR VOLUME 
PRODUCTION SAVINGS! 


Hydraulic forming fixtures like these at Rochester Products can be adapted to 
handle your requirements at minimum tooling costs. GM Steel Tubing Engineers offer 
you an unequaled choice of fast, cost-cutting forming equipment, let you plan pro- 
duction savings in the preliminary design stage 


GM Steel Tubing gives you the design flexibility of lengths up to 2000 feet 
Eliminate costly joints and elbows, effect additional savings by cutting end waste 


OCHESTER 
RODUCTS 


D29 








Here's Help Catalogs 


FOR YOU WHO 
DESIGN FOR an 
LIGHT WEIGHT 


\ handy guide for Magnesium and : 
Titanium applications: this Data u etins 
Book. It vives you weights, stresses, 

machining properties; advantages 
and limitations of these metals in 
comparison with others; many data- 
charts and “design notes.” 40 pages. 
B&P, pioneers in the fabrication 
and assembly of light metals, has ; ; 
developed many te hniques for eco- at end of this section. 
nomical production. Here are some 


1 examples: (P-1) Investment Castings—Booklet 
{ 





lo obtain ¢ opte s of literature 
described below, circle corre- 
sponding number on coupon 


1) pp, contains physical, mechanical 
ind chemical properties of 26 invest- 
ment-casting alloys. Haynes Stellite 
IN TITANIUM: 30-20 Thomson Ave., Long 


aie . : ; : Island City, N. Y¥ 
Stiffness and strength for applica- Assemblies that withstand pres- 


tions such as instrument cases sure in the range of 3000-6000 ; ‘ 
carried in missiles or high altitude psi. An important use: containers (P-2) Casting Design as Influenced by 
aircraft. They withstand internal 4 for compressed gases where light Foundry Practice—Bulletin 44, 64 pp 
pressures up to 30 psi. weight is essential. Contains data on design, the method 
of making the pattern, molding pro 

Ball-type Titanium 


pressure tank: tw ; : 
he the tal 1 t 
hemispheres joined ehavior of the metal in the mold 


by acircumferential Meehanite Metal Corp., 714 North 
— ow Se © Ave., New Rochelle, N. ¥ 


snapes avail 


cedure, and the characteristics and 


(P-3) Tinplating— Handbook 


charts, and data about 
vy buyers and users. Tin 
rch Institute Inc., 492 W. 6 


imbus 1, Ohio 


(P-4) Fundamentals of Thermoplastic 


2° 


Extrusion—Bulletin 1029, 32 pp 


Contains both practical and theoret 


discussions of the extrusion pro 


Also deals with the extruder 
die and post-extrusion equip 
ment Monsanto Chemical Co 


ator 1€ 
Spr field, Mi: 
> of the press pringne lass 


B&P spe (P-5) Fabrication of Stainless Steels 
fusion ‘ Manual S90A 4() pp Describes cold 
assemblies 
1 Magnesium. with — forming methods, machining forging, 
aximum radiation ' A 7 hie T : 2 as heat 
surfaces 
pate heat 


treatment, finishing, passivation 
ind includes table of physical, elec 
al, mechanical, thermal properties 
ublic Steel Corp., 3100 E. 45 St., 
WRITE ON YOUR LETTERHEAD, PLEASE, AND GIVE YOUR Cleveland 27, Ohio 
TITLE, when sending for the B&P Data Book. 


B R oO oO K Ss & p iz R K ] N S. | N Cc (P-6) Heat Treatment and Processing 
° of Metals—Booklet, 32 pp. Contains 
Magnesium-Titanium Facilities glossary of heat-treating terms and a 
Magnesium and Boral sheet and plate 
rs \ir > re 14 A a) mr 
sy reg he 11655 Vanowen oe llywood, Stanley 7-966° Commercial Heat Treating Co., 49 
Offices in New York, Washington, Dallas St nd A.V.R.R.. Pittsburgh 1, Pa 


series of engineering tables. Pittsburgh 
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Cost per clamp cut from $1.06 to 58¢ 


with JcL hot extruded 
cold drawn section 


BO 


This manufacturer cut the cost of contact clamps 45° by 
converting to J&L extruded sections. Previous cost of 
$1.06 per part involved costly milling and scrap loss from 
cold drawn 144" x 1”’ flats. 
Here’s how extruded sections can cut your cost: 

1. Eliminate machining and finishing operations. 

2. Reduce scrap losses almost to zero. 

3. Eliminate cost of casting and forging intricate sections. 

4. Reduce inventories because extrusions are quickly 

available. 

Investigate this new production technique for your shape 
profiles—within present limits of a design which can be in- 
scribed in a three-inch circle. Available in a wide range of 
carbon and alloy steels. For specialty alloy and tool steels, 
submit inquiry. Get complete details by writing to the Jones 
& Laughlin Steel Corporation, Dept. 409, 3 Gateway Center, 
Pittsburgh 30, Pennsylvania. 


Red 
area 
shows 
scrap 
loss 
before 
conversion 
to 
extruded 
section 


Jones & Laughlin 


STEEL ...a great name in steel! 
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With proper engineering and die cast technique, threads 


are cast to size with the typical aluminum die cast smooth 


DIE CASTING COMPANY “~ 


2228 NO.ELSTON AVE. CHICAGO 14.1LL AP ORUF 





*K 


—------ CUTS 
SHORT RUN 
STAMPING 
COSTS-------- 


PROBLEM: 


Relay Support Bracket 
with 
9 holes—two different sizes 
Tolerance—hole dia. + .002/— .001; location + .003 
Blank size (developed) —1%" x 3” 
Material—.062 C. R. Strip Steel 
RELAY BRACKET HOLE PUNCHING ANALYSIS 

[CONVENTIONAL] Tocls and first 1,000 pieces PU" 5 95.00 

— nt re-runs 1,000 pieces $102.00 

*ermanent Gang Die” Punching 


[CONVENTIONAL] * Tools and first 1,000 pieces $266.00 


Subsequent re-runs 1,000 pieces $11.00 


“Multiple Hole Process’’ Punching 
FE DE i: ae Tools and first 1,000 pieces $70.00 
Subsequent re-runs 1,000 pieces $41.00 


In analyzing the problem it was found that only through Federal’s 
multiple hole-punching process could stamping costs be cut and 
still hold to rigid tolerances. Let Federal quote on your next problem 
piece and save! 














Send your print, sketch or piece for our. . . 


f “Analyzed Quotation 


TOOL & MFG. CO. 


Quolity Stampings in 
Small Quantities 


3620 Alabama Ave., Minneapolis 16, Minn. 


Product 








There’s 


girl 


. Whose one job is to 
expedite delivery of your 
“New Catalogs 


and Bulletins” to the manu- 


requests for 


facturers concerned. 

The job keeps her busy, 
too. She handles several 
thousand 


Product Engineering 


requests trom 


readers every month. And 
she’s anxious to be of serv- 
ice to you whenever she can. 
So check the “New Cata 
logs and Bulletins” insert 
if you haven’t already done 
so. You'll find a lot of use- 
ful information listed there 
and any of it is avail- 
able to you promptly and 
without cost. 


Product 
Engineering 








Engineering — Design Digest Issue 





4 


é 


oak 


Product Engineering — Mid-October, 1957 


HEATING ELEMENTS— 
Fusionweld thin-wall tubing 
is widely used by manvu- 
facturers of electrical 
appliances containing low 
temperature calrod heat- 
ing elements, such as elec- 
tric irons, cookers, fryers, 
hot water heaters, etc. 


GAS SPACE and WATER 
HEATER TUBES—Severa!l new 
developments by Fusionweld 
have cut costs by eliminating 
expensive brass fittings and 
non-ferrous tubing or pipe from 
thermostats to burners, replac- 
ing with low cost inverted flare 
nuts and one piece steel fittings 
brazed or spot welded to Avon 
steel tubing. 


Oll SPACE and WATER 
HEATER TUBES — 
Fussionweld thin- wall 
tubing provide manv- 
facturers of this and 
similar equipment with 
smart economies by replacing 
non-ferrous tubing and fittings 
with special steel fittings com- 
bined with Fusion 
weld steel tubing. 


>) a 
=>. See 

ERY, 
Sak 





Oil LEVEL INDICATOR TUBES 
—Avon's low cost, high pro- 
duction fabrication and form- 
ing of steel tubing with new 
spot welding technique in 
attaching brackets, clips or 
fittings to Fusionweld thin-wall 
tubing has been widely 
adopted by most motor car 
manufacturers. 


ec 


—- 


ENGINE OJL FILTER TUBES 
—For both internal and exter- 
nal use with brazed fittings 
attached. Fusionweld tubing 
con be beaded,swaged and 
sheared to meet specifications 
of motor car, truck and tractor 
monvufacturers. 


a. 


CHASSIS FUEL LINES— 
Avon furnishes millions of 
feet yearly of Fusionweld 
steel tubing to cor manv- 
facturers for fuel lines 
(from gas tanks to fuel 
pumps, to carburetors). 
These are completely fab- 
ricated on automatic bend- 
ing machines to provide 
important economies and 


lower assembly costs. 





—=__—_————— | 
————————— 


TUBULAR PUSH RODS—A current 
automotive development reploc- 
ing solid steel push rods with 
Fusionweld steel tubing. These 
have swaged ends or hardened 
steel inserts (spot welded) in tub- 
ing ends. A high degree of con- 
centricity ts maintained with max 
imum run-out held to .020 


MISCELLANEOUS APPLICATIONS 
—Fusionweld thin-wall tubing is 
extensively used by toy manv- 
facturers, um- 

brella and TV 

ontenno mokers, 

also for electric 

light fixtures, tubu- 

lar furniture, etc 

Fusionweld offers a 

tough, light weight, 
extremely ductile, low 

cost steel tubing eas- 

ily formed for most 
requirements, 


Our latest tubing catalog 

mailed on request. Let us quote 

on random or cut to length sizes — Ms. 
O.D. to %. O.D.—plain or terne 
coated—or fabricated and formed 
to blueprint specifications, 


TUBE DIVISION 
HIGBIE MANUFACTURING CO. 
ROCHESTER> MICHIGAN 





Catalogs and Bulletins continued 


john (P-7) Metal Boxes, Cases, and Con- 


tainers—Catalog, 60 pp. Contains 


data on over 1400 deep-drawn cases 


I ees of aluminum, brass and steel. Zero 


Mfg. Co., 1121 Chestnut St., Bur 


SIZZLE ie : ve fe 


(P-8) Seamless Forged and Rolled 


sells Rings—Bulletin, 16 pp, has chart 


showing, in ¥s in. divisions, weights 





for steel rings from 1 to 145 in. OD 


your Alco Products, Inc., Box 1065, 


Schenectady, N. Y. 


tb k 9 
SS a e (P-9) Computations for Metal Work- 


ing—Bulletin 38, 50 pp. Contains in- 
formation and alignment diagrams for 
computing pressure and sustained 
work capacity of presses, as well as 
pressure and work requirements of 
the job the press is to do. It provides 
formulas and charts on blanking and 
shearing, drawing and reducing; iron- 
ing; coining, sizing and forging, and 
extrusion. 

Another section contains helpful 





information on selecting the proper 
press for the work to be done, and 
discusses the important factors to be 
considered. There are also tables on 
properties of metals, sheet metal and 
wire gages and approximate diam 
eters of blanks for shells. E. W. Bliss 
Co., 1375 Raff Road, S. W., Canton, 
Ohio 




















Appliances pre- 





(P-10) Plaster Mold Aluminum Cast- 
ings—Booklet, 45 pp. A discussion of 
ers today must have the process with specification details. 
Morris Bean & Co., Yellow Springs, 
Ohio 


sented to the buy- 


“‘sizzle."’ Something more 


than good performance and good 
(P-11) Cold Extension — Booklet, 24 
style is necessary to capture sales. John Lees pp. Data and diagrams on processes 
offers the necessary something — SALES SIZZLE. Your of extruding cold steel. Heintz Mfg 
Co., Front St., Philadelphia 20, Pa 
‘‘stake"’ in engineering, tooling and design costs each 
(P-12) Stainless Steel Castings—Bul- 


year is high. Consult with one of the leaders in the rolled letin 156-H, 2 pp. Chart correlates 


moulding field — John Lees. ACI designations with corresponding 


= a, AISI type numbers and ASTM desig- 
ae 
Please send a copy nations. Empire Steel Castings, Inc., 
of the new catalog. : Reading, Pa. 
Keeps You in “Trim” 

NAME . . . 

(P-13) Bending Machines—Booklet, 
POSITION 32 pp. Contains diagrams and infor- 

mation. O’Neil-Irwin Mfg. Co., Lake 
FIRM City, Minn. 
ADDRESS Lee ’ ee 
ees (P-14) Aluminum Aircraft Castings 
Bulletin, 6 pp. Contains data on alloys 


_s . * division of THE SERRICK CORPORATION y 356S and 356T. American Brake Shoe 
Batavia at Kilgore, Muncie, Indiana J Co., 230 Park Ave., New York, N. Y 
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Here is an example of the complex in- 
ternal coring possible with investment 
casting. Square, round, elliptical or ir- 
regular interiors can be cast. 





OI 


The sharp teeth of this sewing machine 
feed dog were cast in wear-resistant al- 
loy to give longer wear than could be 
obtained from machinable material. 


ELLIPTICAL CORING 
RADII AND FILLETS 
SMOOTH SURFACES 
ROUND CORING 
== BOSSES 

SHARP EDGES 
ROUND CORNERS 


SHARP CORNERS 


-_.a — 
TOT TTT TTT 
1 











This very small part measures 1%” wide 
and less thon e” thick. Its thinness, rigid- 
ity and detail were possible only by 
investment casting. 


Design problem ? 


Call your Austenal representative 


The complexity of this part makes invest- 
ment costing the only feasible method of 
manufacture. Prongs hove perfect di- 
mensional accuracy 


design with 


7 7 
in mind 
In planning parts, design djrectly for 


Microcast and take advantage of its wide 
range of design possibilities. 


See not only what you can do, but what 
costly, time-consuming operations Austenal 
investment casting eliminates 


These extrusion dies of wear-resistant 
alloy are reodily mass-produced with 
highly complex ond irregular internal 
contouring. 


Shown here is an example of how in- 
vestment casting can virtually eliminote 
hand-filing and machining by keeping 
uniform, intricate detail. 


PRECISION 


and ask him to show you how Microcast can help you. Castiacs 


Here an entire assembly incorporating 
multiple functions is cast in one unit 
“Keyhole” coring and a number of dis- 
tinct surface details are required 


is 


Cross-sections of irregular and varying 
thickness can be utilized. In this part the 
internal core diminishes from an irregu- 
lar square to a small round hole 


I~ 


Walls of varying cross-sections are pos- 
sible. Here wall thicknesses change from 
thin to very heavy, allowing strength 
without bulk 


This large complex gimbal was cast to 
include many details on the internal and 
external surfaces. 


austenal 


microcast division 
2 EAST 39h STREET NEW Y e« é Ne ¥ 


SOUTH CHICA ave A 





DESIGN 
your products 


for SPINNING 


aluminum sput to 14" shell 
with tolerance of 5 


... by the exclusive 


ecatorn 
PROCESS 


It's fast and it's economical 


Metal spinning, by the MECATORN Process 
can cut your costs and simplify your designs. 
Torngren has all facilities for taking over both 
spinning and whatever welding may be in- 
volved in assembling. Ask one of our qualified 
staff to assist you in adapting your designs 
to production by spinning and 
money and worry. 


save time 


Capacities of the 
MECATORN Process 


Metal Gauge 
Aluminum Up te 3 16" 16 
Aluminum, copper, bronze Up te ', 4 
Low alloy steels Up to * 4 
Up te '4” 6’ 
Up to *, 6’ 


Low alloy steels 
Stainless Steels 


Spinnability of Metals 


Ease of spinnability varies with the metal .. . 


some are easy, others average, some difficult | 
while others are very difficult. Some metals re- | 
some are spun hot and some | 
require little annealing. Our engineers will | 
give you exact and definite information on 


quire annealing 


this subject so that it may be of assistance 
in determining the metal best suited for your 
product in the event you make spinning your 
method of production. Incidentally, in many 
spinning operations tolerances can be held 
to a few thousandths of an inch. 


Engineering Service 


Our engineering staff will be glad to assist in 
adapting your designs to the spinning process. 
Literature available on request. 


C. W. TORNGREN CO. 
SOMERVILLE 45, 
MASS. 
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Catalogs and Bulletins continued 


(P-15) Wire Cloth 
issue discusses alloy selection, applica- 
Wire Cloth Co., 


tions. Cambridge 


| Cambridge, Md. 


| (P-16) Torque Tools 
second 


Manual, 27 pp, 
lis expanded edition. 
includes additional torque application 
formulas. There are more suggested 
screw torque data including minimum 
torsional strength tabulations, torque 
and tension 
torque conversion tables. P. A. Sturte- 
vant Co., Addison, Il. 

(P-17) Hermetic Sealing 
and production of hermetic seal tech- 
niques as applied to and 
mechanical units. Electro-Seal Corp., 
946 North Ave., Des Plaines, IIl. 


electrical 


(P-18) Plastic-Impregnated Moldings 
i—c atalog C-56, 14 pp, gives informa- 
tion and various specification tables. 
Continental-Diamond Fibre Div., 


Budd Co., Inc., Newark, Del. 





_(P-19) Knitted Wire Products—Bul- 
| letin A-1, 8 pp, describes applications 
| Alloy Metal Wires Div., H. K. Porter 
Co., Inc., Prospect Park, Pa. 


(P-20) Flow and Level Sensing—Bul- 
letin 55D, 2 pp, describes devices that 
can indicate a lack of material supply 
| or flow in a handling operation. Rich- 
ardson Scale Co., Van Houten Ave., 
| Clifton, N. J 

| 


(P-21) Die Casting Standards—Pub- 
lication AD (I-M7-56T), 9 pp, con- 
tains engineering considerations under 
following headings: composition and 
properties of aluminum castings; char- 
acteristics of aluminum alloys; alloy 
chart; composition 
and properties of copper-base castings; 


cross reference 

brass die castings and alloy selection; 
composition and properties of magne- 
| sium castings; and characteristics of 
magnesium alloy die castings. Ameri- 
can Die Casting Institute, Inc., 366 
| Madison Ave., New York 17, N. Y. 


(P-22) Die-Cast and Molded Parts 
Bulletin, 9 pp. Lists 67 different types 
of zinc alloy and thermo- 
plastic molded products. Gries Repro- 
ducer Corp., 125 Beechwood Ave., 
New Rochelle, N. Y. 


die-cast 


House organ, first 


Now | 


application illustrations. Tables show | 


PRODUCTION OF 
NEW PRODUCT 


Fabrications 
FOR QUICK DELIVERY OF 





relationship charts for 





high tensile and mild steel screws and | 


Manual, | 
about 65 pp, discusses theory, design | 


Spr info rmnings 
7 T 


® 


GUIDED MISSILES, TURBO JETS, 


tg 


COMMERCIAL PLANES, PARTS, 




















THIS CREATIVE SHOP. 


High speed facilities, unexcelled 
workmanship and consistent re- 
search keep this shop available 
to designer, engineer and pur- 
chasing agent working with ad- 
vanced concepts. Send drawings 
for quotations and literature. 


ROLAND TEINER 


Z ompany, ; Iue. 


Dept. 61 — 134 Tremont Street 


Everett 49, Massachusetts Tel. EV 7-7800 
ENGINEERING REPRESENTATIVES IN MANY CITIES 


Product Engineering — Design Digest Issue 





Product Engineering — Mid-October, 1957 


The weldment illustrated above is the Cover Section of the housing 
for a 300,000 kw Steam Turbine it weighs 55 tons. This unit and 
those shown at the left are typical of the thousands of Steel-Weld 
Fabricated parts and assemblies produced by Mahon each year for 
manufacturers of processing machinery, machine tools, and other 
types of heavy mechanical equipment. Are you taking full advan- 
tage of the economies offered by welded steel components in your 
products? In the design of almost any type of heavy machinery, or 
mechanical engineering project, there are parts and sub-assemblies 
that can be produced more economically and more satisfactorily in 
welded steel .. . because, in weldments you save time and pattern 
costs, and you get greater strength with less weight, plus the 
additional advantages of greater rigidity and | J predictability. 
When you consider weldments, you will want to discuss your require- 
ments with Mahon engineers, because, in the Mahon organization 
you will find a unique source for weldments or welded steel in any 
form ... a fully responsible source with complete facilities for 
design engineering, fabricating, machining and assembling a 
source where design skill is backed-up by craftsmanship which 
assures you a finer appearing product embodying every advan- 
tage of Steel- Weld Fabrication. See Sweet's Product Design File for 


information or have a Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY © Detroit 34, Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 





One-piece cast ice cutter 
for York Corporation’s 
Automatic Ice Maker re- 
placed fabrication of sev- 


Today, ATLANTALLOY CASTINGS 
are used where precise dimensions and 
high physical values plus economy are 
essential. These unique precision plaster 
mold castings can improve your product 
design and reduce your costs: 


PRECISION — Meet precision machin- 
ing tolerances. Average limits, + .005 
on one side of parting line. Minimal or 
no machining or finishing. 


eral stainless steel parts. 


Cast 


General Electric aircraft 
generators lowered costs, 
provided closer tolerances 
and increased strength. 


Rugged skirt door operat- 
ing mechanism cast for 
Pennsylvania Railroad 
cars manufactured by the 
Budd Company. 


7819 Tances Drive, Madeira, Ohio 


J. C. Tarbell Associates, Inc. 


1865 Morris Ave., Union, N. J. 


DESIGN — Compared with other tech- 
niques, this casting process makes 
possible the production of parts which, 
because of high physical properties, 
could not economically be produced by 
other means. Complicated assemblies 
requiring several machined parts can 
be cast accurately as one piece, including 
designs having internal teeth, stops and 
blind gear teeth. A wide range of 
Atlantalloys are available for your design 
needs. Chemical certification on request. 


EXCLUSIVE CASTING FEATURES — No 
gas formation when metal enters mold, 
and no ebullition of liquid metal. Self- 
venting molds yield to metal, cool slowly. 
Castings are practically stress-free with 
superior grain structure. Loose cores per- 
mit “impossible” designs. Finishes are 
exceptionally smooth and clean. 


ECONOMY — Major savings in machine 
work because of high finish, uniformity 
and accuracy. End costs below machined 
parts from rougher-type castings, even 
for limited volume runs. Greater savings 
for large runs. Time and material sav- 
ings since uniform castings always fit 
your jigs and fixtures without rejects. 
Tool life extended because castings have 
no blow holes, hard spots, or inclusions. 


ATLANTIC SALES REPRESENTATIVES 
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CASTINGS 


ry 
Vv 


MOL 


PLASTER 


George A. Greenamyer 
P. O. Box 91, Ardmore, Pennsylvania 
Midway 2-2113 
Stampress Engineering Co. 
P. O. Box 545, 468 Monroe Avenue 
Rochester 2, New York 
GReenfield 3-5423 


18 Maple Court 
E. Longmeadow, Mass 
LAurel 5-3350 


Talbot Associates, Inc 


(N. 5.) MUrdock 6-0833 
(N. Y.) OXford 7-3862 
Donald L. Ball 
More facts on “High Quality 
Precision Castings for Industry” 
Write for your free copy! 


SYcamore 1-9398 


CASTING and ENGINEERING CORP. 


810 Bloomfield Avenue « Clifton, N. J. © PRescott 9-2450 


Catalogs and Bulletins continued 


(P-23) Punch Press and Notcher 

Booklet, 17 pp. Contains information 
and illustrations. O’Neil-Irwin Mfg 
Co., Lake City, Minn 


(P-24) Pneumatic Die Cushions—Bro 
chure, 4 pp. Contains diagrams, table 
and data. Dayton Rogers Mfg. Co 
Minneapolis 7, Minn 


(P-25) Power Shears—Booklet, 14 pp 
Contains information and illustratoins 
O'Neil 
Irwin Mfg. Co., Lake City, Minn 


on selection and operation 


(P-26) Rod Parters—Booklet. 14 pp 
Contains data and illustrations. O'Neil 
Irwin Mfg. Co., Lake City, Minn 


(P-27) Roller Machine 
pp. Contains information and illustra 
tions. O'Neil-Irwin Mfg. Co.. Lake 
City, Minn 


Brochure, § 


(P-28) Forgings and Castings—C at- 
ilog, 30 pp. Contains data on smooth 


hammered forgings, composite die 
sections and Cast-to-shape tool steels 
Allegheny Ludlum Steel Corp., 2020 


Oliver Bldg., Pittsburgh 22, Pa 


(P-29) Plastic Tooling—Brochure. & 


pp. Contains data on the applications 
of plastic tooling for metal-forming 
and plastics-forming and in foundry 
practice. Marblette Corp., 37-31 Thi 


tieth St., Long Island City 1, N. ¥ 


(P-30) Modified Balls—Bulletin FB-1. 
pp. Contains data on machining 

methods and materials. Industrial Tec 

tonics, Inc., Ann Arbor, Mich 


(P-31) Wire Screen 
Contains pictures and charts on as 
sorted weaves. Cleveland Wire Cloth 
ind Mfg Co., 3578 E. 78 St.. Cleve 
land 5, Ohio 


Brochure, 2 pp 


(P-32) Metallurgists’ Problems—C hart 
shows problem and cross-indexes so 
lutions. Drop Forging Assn., 419 S 
Walnut St., Lansing 33, Mich 
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Hou They Work... 


R-B punches (A) and die buttons (8) are locked in standard 
or special retainers (C) which are mounted on the die 
shoes. A spring-loaded ball lock (D) produces positive 
radial alignment and vertical locking; no additional key- 
ing is necessary regardless of the size or shape of the 
punch. Up to %” stock can be pierced. R-B punches and 
dies are easy to insert; push and twist and they're locked. 


They're easily removed, too. Retainer holes (E) provide 


for insertion of tanged tool which releases ball and allows 
instant removal. 


Hou Vey Save Time 


ae, 


g 


IN DIE DESIGNING 


R-B standardized retainers are avail- 
able in three shapes and many sizes, 
and where necessary, R-B special re- 
tainers can be supplied. You save “time 
on the board” because you are working 
with standardized equipment. 


NAME 


Please send me additional information. 


IN DIE CONSTRUCTION 
R-B punch and die retainers and special 
retainers are quickly, easily and accu- 
rately mounted without special ma- 
chining. With them, you can save much 
of your skilled die-makers’ time. 


~ 


RICHARD BROTHERS PUNCH DIVISION 
ALLIED PRODUCTS CORPORATION 
Dept. 63 @ 26474 Capitol Ave. @ Detroit 39, Mich. 


PUNCHES 
AND DIES 





COMPANY ___ 





ADDRESS 


STATE___ 





[ 
| 
| 
| 
| 
| 
| 
| 
| 
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IN DIE OPERATION 
HERE’S WHERE YOU REALLY 
SAVE. R-B punches and dies cut press 
down time for replacement to a mini- 
mum. They're instantly removed 


quickly changed— yet accurately aligned 


when locked. 


plas Produced in 
OTHER ALLIED PLANTS 
SPECIAL COLD FORGED PARTS 


STANDARD CAP SCREWS 
PRECISION GROUND PARTS 


SHEET METAL DIES 
MADE OF FERROUS ALLOYS, 
ZINC ALLOYS OR PLASTICS 











TOGGLE CLAMPS 
PRODUCTION 





Destaco Toggle Clamps offer extreme flexibility in fixture 
design, being adaptable to your work-holding problems in every field of mass 
production. Whether you're drilling, reaming, milling, bording, welding or 
assembling, you yet more production, fewer rejects and lower tooling costs 


when you specify Destaco fast acting toggle clamps. 


Destaco clamps (steel) are precision made, with reamed bearing holes and 
hardened pins; series 210, 220, 228 and 240 now have full length hardened 


bushings, for years a feature of our heavier models. 


Series 441-AL, 482-AL, 


484-AL, 486-AL and 491-AL offer the lightness of aluminum. There are three 
new air-operated DE-STA-CO Clamp-omatics—Models 810-S (Solid Holding 
Bar), 810-U (U-Shape Bar) and 858-S. Eliminating elongated holes and sloppy 
action, Destaco gives you precision alignment and smooth, fast, powerful 
action—from the first part to the last. Fool-proof, positive locking and release 
—no cams—and friction-relieving offsets in handles and links. Cold-drawn 


solid bars, forged portable clamp jaws and handles. 


Many accessories for 


adapting to varying fixtures and production. Pressures up to 4000 pounds. 


Call our stocking representative listed below for assistance with your 
tooling problem or ask for 40-page catalog describing over 92 models. 


ALABAMA 
Dixie Type & Sesoly Ce 
930 N. 6th A 
Sieakasien ‘ 


ARIZONA 
Norman 8S. Wright & Ce 
2641 E. Adams Street 
Phoenix 


CALIFORNIA 
Norman S. Wright & Ce 
136! ip Ay, St. 
Noreen, 4 Aa & Co. 
625 N. Alvarado St. 
Los Angeles 26 
Norman S. Wright & Co 
1102 T. Street 
Sacramento 14 
Norman 8S. Wright & Co 
1015 Folsom St 
San Francisco 3 
COLORADO 
viation Service Supply Co 
3900 Ulster 
Denver 7 
GEORGIA 
Pye- Barker Supply Co 
231 Pryor St w 
Atlanta 3 


ILLINOIS 
George A. Rieke Co 


Pedersen Bros. Tool & Supply Co 


623 W. Washington Bivd 
Chicago 6 


INDIANA 
Tools & Abrasives, Inc 
1510 Oxford Street 
Fort Wayne 5 
General Supply & Tool Ce 
140 Senate Ave. 8. 
indianapolis 4 
IOWA 
Globe Sp ag td & Pupoly Co 
401 E. Second St. 
Davenport 


KANSAS 
H-H_ Tool & Supply Co. 
317 Se. St. Francis 
Wichita 2 


KENTUCKY 

De-Qu-Ko, Ine 
212 Eiler Avenue 

Louisville 14 


MASSACHUSETTS 


e 
MINNESOTA 
Northern Machinery & Supply Ce 
2001 Washington Ave., S 
Minneapolis | 


MISSOURI 
Ernst Machinery Co. 
1606 Oak St 
Kansas City 4 
H. 0. Monahan Co 
1007 Yale Ave 
St. Louis {7 
NEW YORK 
Root -Neal Co 
64 Peabody St 
Buffalo 10 
Acme-Danneman Co., Inc 


N 
Tool & Die Supply Div 
17 Silver Street 
Rochester |! 

M. 4. Kelly Supply Co 
323 E ater St 
Syracuse | 
OHIO 
Die Supply Div 
1400 Brookpark Rad 
Cleveland 14 
Die Supply Sales Div 
31! Vermont St. 
Dayton 4 
F. N. Cuthbert, Inc. 
2009 Detroit Ave. 
Toledo 10 


OREGON 
Norman S. Wright & Co 
607 S. W. Corbett Street 

Portiand | 


PENNSYLVANIA 
Paul J. Fleming & Son 
907 W. Wagner 
Philadelphia 4! 
TENNESSEE 
Lewis Supply Co 
477 8. Main St. 
Memphis 2 
Ralph Landrum 
1211 4th Avenue, South 
Nashville (0 


TEXAS 
Teo! Supply & Engr. Co. 
1901 Canten St. 
Dallas | 
Dolan Industrial Sales 
506 Lawndale Avenue 
Houston 23 
WASHINGTON 
Norman 8. Wright & Co 
233 Ninth Avenue, North 
Seattle 9 
Norman 8S. Wright & Ce 
125 S. Stevens 
Spokane 4 
WISCONSIN 
Triplex Supply Co 
830 N. Third St. 
ONTARIO 
Milwaukee 2 
Williams & Wilson, Lta 
it Front St., E. 
Toronte | 
Williams & Wilson, Ltd 
1465 Tecumseh Bivd., E. 
Windsor 3 
BEC 


QUE 
Witton: A Witsoe. 
pector St. 
real 3 


DETROIT STAMPING COMPANY 


320 MIDLAND AVE. 


* DETROIT 3, MICH. 


Product 





Keen Your Own 
File of 
Ideas That Will 
Help You 


Subscribe Today 
(0 


PRODUCT 
ENGINEERING 


Circulation Department 
Product Engineering 
McGraw-Hill Building 


New York 36, New Y 


lease start my subscription t 


Product Engineering at once f 


One year at $5.00 
Two years at $8.00 
Check Enclosed Bill Me 


Name, title, company must be 
clearly indicated 
Name 
Title 
Company 
Address 
City and Zone 


State 
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3reat advances in design ta 


NEED THE ADVANCEMENT IN 


WEAR RESISTANCE PROVIDED BY 





FLAME-PLATING BY LInDE 





’ 
Stratospheric altitudes .. . supersonic 

speeds -.. eXtreme temperatures subject 
jet plane parts to almost incredibk 
conditions of heat and abrasion. To assure 

pe rfect operation in all circumstances. bearings 
of hot air valves in the Starfighter are Flame-Plated. 

\ tungsten carbide coating, applied by LINDE’s 

unique method, is the only material tried that 
successfully eliminated galling and provided a low 
coeflicient of friction over the re quired service life of the part, 
With the part Flame-Plated, practically no wear occurred. 
This LINDE process is now a regular production procedure. 


Flame-Plating is LINDE’s special process for protecting metal 
parts from wear, abrasion. and fretting corrosion. Tiny particles 
of tungsten carbide or aluminum oxide are literally blasted onto 
the metal surface. Since the temperature of the part being coated 
seldom exceeds 400 degrees F.. there is little or no risk of changes 
in its shape or metallurgical properties. Flame-Plated coatings 
can be applied from .002 to .010 inches thick, and used as 
coated or finished to 0.5 microinches rms. Practically all metals 
can be Flame-Plated — aluminum, magnesium, molybdenum, 
titanium as well as copper and steel. 


Your own design may be improved by Flame-Plating. Find out 


how, by writing for a copy of the booklet “Flame-Plating,” F8065. 


Address Flame-Plating, Vept. PDA, LINDE ComMPANY. Division of 
Union Carbide Corporation, 30 East 42nd Street, New York 17, N. Y. 


In Canada: Linde Company, Division of Union Carbide Canada Limited. 
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Lockheed’s F-104A Starfighter, newest weapon of 
the Air Force, is the most advanced airplane of 
its type. To give them the greatest possible resist 
ance to extreme conditions be ing surlaces (ar 
rows) of hot air valves used in the F-104A are 
Flame-Plated with tungsten carbide. Flame-Plat 
ing provides the wear-resistant coating needed to 
withstand the high unit loading and temperature 
extremes jet plane parts undergo 


TRADE -MARK 
fey No d=jie) = 


The terms “Linde” and “Union Carbide” 
are registered trade-marks of Union Carbide Corpor.tion, 


Dai 








CAN THESE CHARACTERISTICS 
IMPROVE YOUR PRODUCT? 


srength+ Boost «tit eich | OS TAMPINGS 


Durability * Workability 


: Produced economically in our modern plant 
METAL BONDED TO PLYWOOD 
ME “E.~- V¥ © D for: 


has them ALL! AUTOMOTIVE, INDUSTRIAL EQUIPMENT, 
Met-L-Wood is metal bonded permanently to DOMESTIC APPLIANCE, AGRICULTURAL 
plywood to create a material of real versatility for INDUSTRIES AND OTHERS: will boost your 


industrial engineers and designers. Many different 
metals, woods, shapes and finishes are available in output at material savings. 
Met-L-Wood to meet your needs—from table tops 
to moisture-vapor-proof rooms...And Met-L-Wood O , : . 
Engineering Service is yours for ur production, engineering and toolroom 
the asking. Write for the bulle 
tin described below for details 


FREE TECHNICAL DATA BOOK your industry. 


Met-L-Wood Bulletin 521 contains tech 
nical data, application photos and 


facts to help you visualize the pos . Send us your inquiries 


Sak tediemeramy ee. 

LANSING STAMPING COMPANY 
M ET-L-wooD 1167 So. Pennsylvania Ave. 
——— 


oa 


Re. facilities are geared to the volume usage of 


Write for Bulletin 521 





~ awe 





Lansing 4, Michigan 


CORPORATION 


Serving Industry Since 1914 








—: a) 


SATA ? 
Let DOLLIN a ; } FOR FAST HELP 

Getthemost , aM 
__ out of your | ON DESIGN PROBLEMS 
Die-Casting Designs 


—at the lowest 


possible cost ees consult the 











— blueprints, specs or sam- Large Zine and 


ples of your parts to Dollin for Aluminum Die-Castings 
study and quotation, without obli- ° PRO p UCT IND FX 
gation. Small Zinc Castings 
1000 per Ib. to 3 per Ib., 
Based on more than 25 years’ moss-produced at low cost 
experience with thousands of die- e 
cast parts and problems, most of this 
likely suggestions can be made 
that will cut piece costs—include 
fastening elements — reduce ma- * 
chining and assembly operations— ® _ Ss DESIGN DIGEST 
increase strength —or im- ‘a 
prove appearance. Dollin 


(7 Corporation, 605 So. 21st a 
: Street, Irvington 11, N. J. . ‘ 


DOLLIN vie-castines (Begins on page 15) 
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USE TIME-SAVING 
COUPONS BELOW 


. .. to request further information on 


all products advertised in this Digest Section 


. +» to request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- 
ning on page 15, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manufacturers of 
this type of product. 


Circle these numbers for further information about 
advertisers appearing in this section (D) 


D22-3 D24-5 D26 D27 D28 D293 D30 D31 DT32 
DB32 D33 D34 D35 DL36 DR36 D37 D38 DL39 
DR39 DL40 D41 DTL42 DBL42 DTR42 


Circle these numbers for your copy of bulletins 
appearing in this section (D) 


P3 P4 PS P6 P7 
P12 P15 
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NAME 
COMPANY 
BUSINESS ADDRESS 


CITY, STATE 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING’s Design Digest Issue, and page num- 
ber of the advertisement prompting your letter. 


Circle these numbers for further information about 
advertisers appearing in this section (D) 


D22-3 D24-5 D26 D27 D28 D293 D30 D311 DT32 
DB32 D33 D34 D35 DL36 DR36 D37 D38 DL3S 
DR3S DL40 D41 DTL42 DBLA2 DTR4A2 


Circle these numbers for your copy of bulletins 
appearing in this section (D) 


Pi P2 P3 P4 PS Ps6 P7 Ps 
P10 P12 P13 P14 

P19 P20 P21 P22 

P28 P29 
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NAME 
COMPANY 
BUSINESS ADDRESS 


CITY, STATE 





NEW BOOKS 


Power Transmissions 





American Standard Inspection of 
Fine-Pitch Gears. AGMA 236.04, 
{SA B6.11-1956, 842 x 11 im, 41 
pp. Published by American Society 
of Mechanical Engineers, 29 W. 39 
$t., New York 18, N. Y. $2.50. 


This standard for fine-pitch gears, 
which are defined as gears of 20 dia- 
metral pitch and finer, has been made 
Hexible to meet the requirements of 
the greatly diverse applications of fine 
pitch gears and to safeguard the inter- 
ests of quality control in mass produc 
tion. Fine-pitch gears lend themselves 
readily and economically to inspection 
which 


methods in measurements are 


made under conditions closely ap 


proaching those of their operation 
The gear is rotated in intimate contact 


both 


distance 


with a mounted, on a 
variable The 


displacements or variations in center 


master, 
center fixture 
distance are measured or chartered by 


suitable means, Living a composite 
check as explained in this standard 

A choice of backlash to suit the par 
ticular application is provided by giv- 
ing each class group several ranges of 
backlash. Two class groups were arbi 


(1) 


Each 


trarily chosen commercial and 


2) precision group contains 
several classes, each based on the maxi 
mum permissible error, the allowable 
backlash value being given by a letter 
sufhx and is applicable to any of the 
several classes of gears covered 

This standard does not cover toler- 
ances on center distances and accuracy 


required in mounting these gears 


Mechanics of Roller Chain Drive 
by R. C. Binder, Professor of Me- 
chanical Engineering, Purdue Uni- 
versity, 534 x 814 in., 204 
Published by Prentice-Hall, 
Englewood Cliffs, N. J. $5. 


Inc., 


This book treats a roller chain drive 
under both static and dynamic condi- 
tions and contains theoretical and 
such 
subjects as basic force relations occur- 
ring in a chain joint, relative velocity 
and impact between a chain roller and 


sprocket when the chain meshes with 


D44 


mathematical studies covering 


the sprocket, and the design of 
sprocket teeth on roller chain drives 
Additional 


angular velocity variation in sprockets 


factors analyzed are 


joint frictional losses, vibrations of a 
span of chain as well as the path which 
a chain takes in progressing from one 
sprocket to another sprocket and pos 
sible organization of power capacity 
relations on the basis of wear, vibra 
tion and impact. The book was initi 
ated by Diamond Chain Co., Inc., 40 
Kentucky Ave., 


) 


Indianapolis 7, Ind 


American Standard 20 deg Involute 
Fine-Pitch System. AGMA 273.04, 
ASA B6.7-1956, 81 x 11 in., 23 pp. 
Published by American Society of 
Mechanical Engineers, 29 W’. 39 St., 
New York 18, N. Y. $1.50. 


The spur gear portion of this stand 


ard closely follows the American 
Standard for Spur Gear Tooth Form 


(ASA B6.1-1932), 


crease in whole depth to allow for the 


with a slight in 


greater proportional clearance neces 
sary in fine-pitch gears 

The fine-pitch series includes gears 
of 20-diametral pitch and finer having 
a 20-deg pressure angle. Tables, data 
sheets, charts, and examples concern 
ing pinion enlargements are included 
teeth 
should be avoided. To discourage their 
and 9 teeth 
treated as a separate group 


Pinions having less than 10 


we, 7, &, pinions are 

The 20-deg pressure angle is the 
most satisfactory selection because a 
smaller pressure angle would require a 
greater number of diameter modifica 
tions, and a larger pressure angle would 
make point widths of generating tools 
Also a 


angle would require closer tolerances 


too narrow larger pressure 
on center distance for fine-pitch gears 


to be assembled without backlash 


Theory of Land Locomotion 5) 
M. G. Bekker. 6 x 9 in., 497 pp. 
Published by University of Michi- 
gan Press, Ann Arbor, Mich. $12.50. 


Here is a comprehensive source of 
the information now available on the 
relations between a motor vehicle and 


the physical environment in which it 
operates. It lays the foundation for a 
new type of applied mechanics by sys 
accumulated 


tematizing the exper! 


ence of men who have worked closely 


with automotive problems over the 


past forty years—engineers, designers 
technicians and production men. The 
result is an integrated theory of land 
advance land 
aerodynamics 


will 
much as 


locomotion which 
transportation 
and hydrodynamics have helped the 
levelopment of air and sea travel 
Placing particular emphasis on oft 
rl 1 the book 


ne-road discusses 
in detail problems of soil and snow 


vehicles 
mechanics; size-form relationships as 


an index of economy: terrain condi 


tions; the process of moving tracks, 
skis, sleds, coboggans, rigid wheels, and 
pneumatic tires; static and dynamic 
behavior; dimensional analysis, testing, 


and over-all economy 


Mechanisms and Dynamics of Ma- 
chinery by Hamilton H. Mabie and 
Fred W.. Ocvirk. 6 x 91% in., 442 pp. 
Published by John Wiley & Sons, 
Inc., 440 Fourth New York 
16, N. Y. $8.50. 


{ve., 


This treatment of mechanisms and 
dynamics of machinery features a fast 
coverage of elementary subject matter 
As a result, more space is available for 
discussion of such subjects as analyti 
cal cam design, nonstandard gearing, 
computing mechanisms, synthesis, and 
dynamic analysis of rotating and recip 
machinery 


rocating Many examples 


and illustrations are included 

Part I is on mechanisms and includes 
chapters on spur gears, nonstandard 
spur gears, bevel, helical and worm 
gearing, gear trains and related subjects 

Part II is on dynamics and considers 
the effects of machine drives and com 
ponents on various machine elements 
Applications are made to turbomachin- 
ery to demonstrate high speed 

Although primarily a college text, 
the book should be of interest to de- 
signers and engineers as attempts have 
been made to show the effect of dy- 
namics on rotating components and 


power transmission parts 
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Power 


Transmission 


Transmission of Power by Torque Converters 
by H. L. Willke 


Centrifugal Clutches for Motor Drives 
Friction Materials for Power Transmission 
Lubrication of Roller Chains 


Formula for Epicyclic Gear Train of Large Reduction 
by M. F. Spotts 


Power Absorption Devices 

Worm Efficiency Nomographs 

WR» for Flywheel Effect 

Design and Application of Spring Clutches 


Nomograph for Relating Values of Force-Speed-Torque- 
Horsepower by Leo Fiderer 


Bead Chains for Light Service 
by Bernard Wasko 


Belts for Power Transmission 
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Fig. 1—Optimum power curve. Curve A represents 100 per 


cent efficiency for loads that vary in both speed and torque. 
If the torque and speed ratios are fixed, as shown by point B, 
the drive is limited in its approach to the optimum power 
curve, A, by the prime mover drive efficiency. 


From: ASME 


Paper 


Torque converters can supply an 
infinite number of speed ratios while 
maintaining the driving engine close 
to its maximum power generating 
efficiency. This versatility, combined 
with a reasonably high efficiency of 
power transmission, makes them de- 
sirable to applications 
speeds must vary rapidly 
Torque converter efficiency is not 
consistently high throughout the speed 
range. Torque drops to zero at a 
speed ratio of 1 and as the speed ratio 
approaches zero the output torque 
increases, but not as fast as output 
speed is reduced. However, torque 
converters alone, or in combination 
with mechanical transmissions can 
more closely approach an optimum 
power curve over the full speed range 
than most mechanical transmissions 


where load 


COMPARISON OF HYDRAULIC AND 

MECHANICAL TRANSMISSIONS 

Transmission of power through an 
infinite number of speed ratios is 
shown in Fig. 1. Product of speed 
ratio and torque ratio equals drive 
efficiency. For the optimum power 
curve the efficiency is always 100 per 
cent as shown by Fig. 1 formula 

The multispeed mechanical trans- 
mission Fig. 2, is one approach to 


E2 


the optimum power curve. The me- 
chanical drive is assumed to have three 
speed ratios and the ability to multi- 
ply torque by three times. It can 
deliver to the load 95 per cent of 
the power capacity at any one point 
for each of the speeds. 

During all other parts of the speed 
range the engine speed is reduced. 
Torque cannot be increased, hence the 
engine fails to deliver sufficient power 
until the next lower transmission speed 
is engaged. 

A torque converter, based on the 
same assumed conditions, will deliver 
engine power as shown by curve B 
of Fig. 2. The power delivered is a 
smooth curve traversing the entire 
speed range. Torque converters with 
a 3 to | torque ratio can be built 
to have 90 per cent peak efficiency 
and the power delivery approaches the 
optimum power curve A almost as 
closely as the mechanical multispeed 
transmission 

Versatility of the torque converter 
for the range of speed ratios where 
it is most adaptable is shown in Fig 
3. The multispeed transmission with 
a maximum efficiency of 95 per cent 
to match the torque converter with a 
maximum efficiency of 90 per cent 
(left) would require nine speeds. Auto- 


03 04 05 O06 O7 O08 OF 10 


Speed ratio 


Fig. 2—Three-speed mechanical transmission versus hydraulic 
torque converter. Mechanical transmission curve approaches the 
optimum power curve, A, at three points. The torque converter 
curve, B, traverses the entire speed range. 


Transmission of power by 


matic speed changes would be neces- 
sary and in heavy-duty industrial- 
type equipment might not be mechani- 
cally satisfactory. A five-speed me- 
chanical (right) 
still have trouble matching a torque 
converter over the more 
ratio of 0.35 to 0.90 range 


transmission would 


practical 


COMBINED HYDRAULIC AND 
MECHANICAL TRANSMISSION 
Where either high torque ratios are 
required or better performance to- 
ward either end of the speed range, 
the torque converter can be adapted 
to a multispeed transmission 
For example, Fig. 4 (left) shows the 
power curve for a torque converter 
with a three-speed mechanical trans- 
mission. The first ratio of the me- 
chanical transmissions would multiply 
the torque of the converters by 2'2 
the intermediate speed is a direct 
drive, and the third ratio would multi- 
ply the speed by 2% times. Fig. 4 
(right) shows the effect of a six-speed 
mechanical transmission measured 
against a combined three-speed me- 
chanical transmission unit connected 
to a hydraulic torque converter. 
A torque converter with supple- 
mentary speeds either manually or 
automatically shifted has a great vari- 
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Fig. 3—Steps of a mechanical transmission to match a torque converter. (Left) Many of the nine- 
speeds would be closely spaced and it would be difficult to find the mechanical speed that matches 
the torque converter. (Right) Five-step mechanical transmission versus torque converter over a 
practical speed ratio range of 0.35 to 0.9. Shifting to correct step to match converter would be 


difficult. 


torque converters 3.085," “ers 


ety of applications. These include established a 7 per cent; torque con 

vehicular drives such as trucks, trac- verters deliver 100 per cent over most 
tors, locomotives; logging machinery, of its speed range 

oil well drilling rigs, hoists and cranes; Potentially the coupling can absorb 

mining machinery; and other equip- torques up to twice the design torque 

ment where large torque and speed The excess torque capacity of the 

ranges are required coupling is usually not used as the 

prime mover is proportioned to deliver 

SHOCK ABSORPTION torques nearer the design value. Dur 

ng a shock, however, the inertia 


Ihe shock absorbing ability of the 


values of the prime mover may be 
torque converter against that of other ues of the prime mover m ‘ 


types of drives is shown in Fig. 5 sufficient to supply at least a portion 


The coordinates are normally used of the excess torque capacity of the 


hydraulic coupling 
Torque converters reduce the effect 


for hydrodynamic drives and hence 
serve as a direct comparison between 
a converter and a hydraulic coupling of shock even more. A converter is 
While the mechanical drive being of 
a fixed ratio does not properly apply 
to these coordinates, a curve approxi- 
mating a dynamic load for a mechani 


proportioned to have its peak power 
absorbing value matched to the de 
sign torque rating of the prime mover 
The demand on the prime mover 
caused by sudden load applications 
can only be for the rated torque and 


cal drive is shown 


Torque converters and hydraulic : 
4 the effect of inertia is entirely isolated 


‘ouplings each have the same basic . . 
iE “ To establish a torque multiplication 


+ 


) amic power-absorpti ~har- : 
hydrodynamic power-absorption char of as much as 2 to 1. the output 


acteristics. Principal difference is the shaft of a single stage converter would 
method of application to the load. A have to be stalled to approximately 
hydraulic coupling is a 1 to 1 torque 0.3 speed ratio. At this reduced speed 
ratio device and the amount of slip the shock could not be maintained 
necessary for the coupling to transmit A three-stage converter with its higher 
the required torque must be chosen torque multiplication would have to 
on the basis of a reasonable efficiency be stalled to 0.4 speed ratio to obtain 
Slip for 100 per cent terque is usually a 2 to 1 torque multiplication 
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TORQUE CONVERTER ACCESSORIES 

Industrial converters are available 
with dumping valves and controls 
vhich make it possible to use the 
converter as a disconnect clutch by 
quickly emptying and filling the work 
ng circuit of the unit 

Free-wheeling stators in the con 
verter coupling permit hydraulic cou- 
pling during high speed, low torque 
periods. During load variations the 
unit acts as a converter. Units of this 
type would be used on an earth-mov 
ing scraper where during loading 
periods high torques are required, but 
in hauling high speeds are needed 

Converters equipped with a lockout 
clutch allow the input and output 
sides of the converter to be clutched 
together to serve as a straight-through 
drive during high-speed, low-torque 
periods. If the converter is allowed 
to remain filled the drag of the ele 
ments through the fluid even with a 
fixed stator will represent a loss of 
from 5 to 10 per cent. Filled, the 
converter has the advantage of being 
instantaneously available for either 
tvpe of drive. If the converter is emp 
tied the power loss is minimize< 

Speed control, beyond the range of 


the prime mover, is possible by par- 
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Fig. 4—Combined hydraulic and mechanical transmission. 

(Left) A minimum of 68 per cent of the potential power of the 

prime mover is delivered to the load except at the extreme 

conditions. (Ritht) Six-speed transmission covering the same 


300 





Potential dynamic 
engine forque t 

i. Converter output torque 
. Hydraulic coupling torque 


Fngine torque 


——— ~ 


4 





Converter input torque 











70 60 50 40 
Per cent slip 





03 04 O5 O6 
Speed ratio 


Fig. 5—Relative shock transmission of various drives. At high 
torques the hydraulic coupling has high slip. 100 per cent 
torque is delivered at about 7 per cent slip. Torque converter 
delivers 100 per cent torque over most of its speed range. 


tially filling the converter. Conven- 


removed on each hoisting cycle is 





Curve A 


52% of Curve A 

















@) 1.5 


Speed ratio 


range as a torque converter with a three-speed transmission 
would transmit only 52 per cent of the power of the prime 
mover at the minimum points. Approach to optimum power 
curve, A, can be improved by adding additional speed ratios. 
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Fig. 6—Comparison—hoisting time of oil-well drilling rig with 
and without torque converters. Torque converter time saving: 
25 per cent; accumulated time saving: 30 minutes; dollar 
saving: $52.00 for one trip to bottom of hole. 


greater extent than the converter 


tional converters can be stalled at 120 ft. To remove all the pipe 125 


full input speed if the torque load on 
the output shaft is sufficient. Partial 
filling can be made to reduce the out- 
put shaft speeds to substantially stall 
conditions even under light torque 
loads 


Economics of Torque Converters 

A theoretical study of the hoisting 
operation of an oil-well drilling rig 
during the removal of the drill pipe 
from the hole shows some of the eco- 
nomics of converter applications 

For a 15,000 ft well the average 
weight of the drill pipe is about 20 
lb per ft or 300,000 Ib. Normal length 


E4 


cycles are required and a_ load 
reduction of 2400 Ib per cycle is 
indicated 

A torque converter with a four 
speed mechanical transmission is com- 
pared with a normal six-speed me 
chanical transmission in Fig. 6. Time 
for hoisting of each section of pipe 
is plotted against the depth of the 
well. Lower curve shows the accumu- 
lated time saved for the converter 
drive as against the mechanical drive 

The comparison shown includes dy 
namic factors that have been deter 
mined by field experience and which 
affect the mechanical driven rig to a 


driven rig. Horizontal portions of the 
mechanical-rig curve repsesent periods 
when the engines are at maximum 
speed and can maintain the speed be- 
cause the lightened load does not 
demand full engine torque. The lox, 
however, is too heavy for the next 
higher speed ratio. During these peri- 
ods the engines are not developing the 
potential horsepower 


REFERENCE 

Torque Converters—A Flexible Drive 
by H. L. Willke, Assistant Director-En 
gineering, The National Supply Com 
pany, Pittsburgh, Pa. Presented at the 
ASME Annual Meeting, November, 1956, 
paper No. 56-A-138. 
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Fig. 1—Speed-current curves for polyphase squirrel-cage Fig. 2—Speed-torque curves for various polyphase motors, loads 

motors. At starting, the rate of heat generation in the windings and centrifugal clutches. The torque and horsepower which 


may be 25 to 50 times the rate at full load. To reduce winding can be transmitted by any type of centrifugal clutch or coupling 
heat, centrifugal clutches allow rapid no load acceleration. is considerably less at reduced speeds than other clutch devices. 


From: Mechanical World 


Centrifugal clutches for motor drives 


High starting currents can cause motor deterioration. Rapid ac- * it is started, and, at 50 per cent 

normal speed, will transmit about 

celeration to pull-out torque will reduce motor time at high starting 5 per cent of the torque delivered 
at the normal speed of the motor 

current. Centrifugal clutches are one method of permitting rapid Another type of centrifugal clutch 


‘. : : has the friction shoes controlled by 
motor acceleration, thus reducing motor current and heating. springs so that the friction surfaces 
do not start to engage until the clutch 
has reached a predetermined speed 
A DISADVANTAGE of a squirrel-cage to the motor after it is started. The Curves H and J, Fig. 2, show clutches 
induction motor is the high starting addition of a centrifugual clutch in that engage at 40 per cent and 75 
current needed to develop a limited the drive permits the motor to be per cent of synchronous speed 

Starting torque, particularly in slow- started unloaded and have the load 4 clutch should be selected that 


speed motors. Figs. 1 and 2 show applied at a percentage of speed 


is designed to operate at the correct 
that the ratio of motor torque to speed for the motor. Increase of con 
motor current is much greater as TYPES OF CENTRIFUGAL CLUTCHES trol spring pressure will increase the 
the motor approaches its synchronous A centrifugal clutch with free shoes speed at which the clutch starts to 
speed than it is at starting. This is exerts a pressure on the friction sur transmit power, but will reduce the 
caused by the inherently low power faces proportional to the weight of torque and horsepower that the clutch 
factor of induction motor starting the shoes and to the square of the can transmit at any given speed. For 
Thus, for minimum heating during speed. Curve D, Fig. 2, shows that example, curves H and J, Fig 
starting the load should be applied such a clutch transmits power as soon have the same maximum torque at 
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synchronous speed, but have different 


engagement speeds, hence transmit 
different torque and horsepower values 


at intermediate motor speeds 


EFFECT OF CENTRIFUGAL 
CLUTCHES ON ACCELERATION 

The line EF, Fig. 2, is the re- 
sistance torque of a load which re 
quires a constant torque, equal to 
the full-load torque of the motor, at 
all speeds. Curve G is the resistance 
torque of a centrifugal load, such as 
a pump or fan. If the motor is di- 
rectly coupled to the load, the torque 
available for accelerating the load 
at all speeds would be the vertical 
height of the torque curve 
above the load torque curve or line 

When a centrifugal clutch is added, 
the motor torque may be considered 
parts. The vertical 
between the motor torque curve and 
the clutch torque curve at any speed 
represents the portion of the motor 
torque available for accelerating the 
rotor and clutch. The vertical height 
of the clutch torque curve at any 
speed represents the torque which the 
clutch applies to the load. Part of 
this clutch 
coming the resistance torque of the 


motor 


in two distance 


torque is used in over 


load; the remainder is available for 
accelerating the load 

At a given clutch speed the portion 
of the clutch torque used to over- 
come the resistance torque of the 
load is equal to the height of the 
load torque curve at the speed at 
which the load is running. For exam- 


ple, at a given instant during starting, 


a high-reactance motor driving a 
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centrifugal load may be at 30 per 
cent of synchronous speed and de 
veloping the torque PL, Fig. 2. If 
used with a free-shoe clutch the 
torque available for accelerating the 
retor and clutch is equal to PK; the 
clutch is applying a torque equal to 
KL to the load. However, at that 
instant, the load might be at 15 per 
cent synchronous speed, hence the 
torque used to overcome the 
tance torque of the centrifugal load 
is equal to MN, or to QL. 
available for acceleration is equal to 
the vertical distance KQ 

At that instant, the power trans- 
mitted by the clutch, proportional to 
the preduct of torque and speed, 
could be represented by the rectangle 
OSRL. The power used to drive the 
load, or to overcome its resistance 
torque, would be represented by the 
rectangle ORMN; the power con- 
verted to heat at the slipping friction 
surfaces is NMQL. The power loss 
caused by slippage during starting 
ceases as soon as the load is accele- 
rated to the same speed as the clutch 

If the high-reactance motor was 
driving a constant-torque load a free 
shoe clutch should not be used. The 
would not start to turn until 
the clutch had reached 64 per cent 
of synchronous speed. Up to this 
speed all of the power applied by 
the clutch would be lost in friction 

For a spring-loaded clutch the mo- 
tor accelerates from rest completely 
unloaded up to the speed at which 
the friction shoes start to rub. During 
this period the rate of acceleration 
of the motor is proportional to motor 
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Fig. 4 Above—Starting current with various couplings. Time 
reduction reduces chance of motor burnout under load. 


Fig. 3 Left—Starting speeds with various couplings. (A) con- 
stant torque load. (B) centrifugal load. Centrifugal clutch re- 
duces starting time over solid coupling load speed. Reduction 
in starting time for centrifugal load is less than for constant 
torque load as indicated by solid coupling load speed. 


torque and inversely proportional to 
the rotor inertia, thus the motor speeds 
up rapidly. If clutch engagement oc- 
curs at 75 per cent of synchronous 
speed, motor current is substantially 
reduced, Fig. 1, 
is avoided 
Regardless of the type of clutch, 
the motor and clutch will continue 


and motor heating 


to accelerate until the clutch torque 
curve and motor torque curve cross. 
At this speed the clutch will transmit 
the whole of the motor torque and 
the motor will 
because 


accelerate 
motor 
torque available. During this interval, 
the clutch transmits this constant 
torque; a portion of this torque, equal 
to the difference between the clutch 
torque and the resistance torque of 
the load at the speed of the load, 
is available for accelerating the load 
up to clutch speed. When load and 
clutch speeds are equal and clutch 
slippage is zero, the motor is applying 
through the clutch a greater torque 
than is required by the load at that 
speed, and this excess torque causes 
the motor, clutch and 
celerate as one unit to a steady state 


cease to 


there is no excess 


load to ac- 
condition of equilibrium 


EFFECT OF CENTRIFUGAL 
CLUTCHES ON STARTING TIME 

The effect of the centrifugal clutch 
on the time taken to 
motor and load is shown in Fig. 3, 
using a high reactance motor. As an 
example, assume that the motor is 
used to accelerate a constant load 
that is equal to the full-load torque 

of the high reactance motor. 


accelerate a 
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Fig. 5—Siar-delta starting with a free-shoe clutch. 


The curve A is the speed-time re- 
lation of an unloaded motor; curve 
B, is the speed-time relation of a 
loaded motor. Curve C is the char- 
acteristics of a light spring-controlled 
clutch. At about 40 per cent of syn- 
chronous speed the shoes start to rub 
reducing the rate of acceleration. At 
about 72 per cent of synchronous 
speed the clutch will transmit a torque 
equal to the resistance torque of the 
load at standstill, and the load will 
be started as shown by curve D. The 
rate of acceleration of the load will 
increase as the motor speed increases 
to raise the clutch torque. At about 
90 per cent of synchronous speed. 
the clutch will transmit the whole of 
the motor torque. Acceleration time 
for a constant torque load is greatly 
reduced when using a clutch. 

The acceleration time reduction is 
not as great for a similar motor and 
clutch when used with a centrifugal 
load. The load pickup is at about 45 
per cent. The characteristics of this 
type of load usually permits a high 
accelerating torque to be applied 
through a solid coupling, hence the 
smaller difference in accelerating time 
between the solid coupling and centri- 
fugal clutch to reach full load speed 


EFFECT OF CENTRIFUGAL 

CLUTCHES ON MOTOR HEATING 

The reduction of starting current 
and motor heating on the two types 
in Fig. 4. The 
current remains at a steady value 
while the load is accelerating to 
the constant speed of the clutch. Since 
motor heating is proportienal to the 
product of /*1, the centrifugal clutch 
results in a considerable heat reduc- 
tion during starting of the motor 

For best results, the constant por- 
tion of the current curve should have 


of loads is shown 


a reasonable low value when the 
torque-speed curve of the clutch cuts 
the torque-speed curve of the motor 
at slightly more than the speed at 
which the motor develops its peak 
torque. Also, a clutch should be used 
that starts to drive the load shortly 
after the friction shoe 
so heat is not generated. 
Hence, a spring-loaded clutch is 
advisable with a load requiring a high 
starting torque; a free-shoe clutch may 
be satisfactory for use with a centri- 
fugal type of load to which it will 
apply a fairly gradual starting torque 


Starts to rub 


EFFECT OF CENTRIFUGAL 

CLUTCHES ON MOTOR STARTING 

In the starting position of 
a Star-delta starter, each phase of 
the stator windings of the motor car 
ries the full line current input to the 
motor. In the full-on (delta) position 
each phase carries only 58 per cent 
of the line current. 
should be 
where the 
position. 

The starting characteristics of a 
high-reactance three phase squirrel- 
cage motor with a free-shoe clutch 
is shown in Fig. 5. In the starting 
position the motor torque is about 
14 of that obtainable with direct 
on-line starting, Fig. 2. At about 25 
per cent synchronous speed, accelera- 
tion would cease as the clutch would 
absorb all of the motor torque. How- 
ever, the clutch would not be trans- 
mitting sufficient torque to start a 
heavy lead, and the motor torque 
would be wasted in frictional heating 
of the clutch shoes 

To accelerate the motor past this 
speed, the starter would have to be 
thrown to the delta position. On a 
constant load, equal to the full-load 


(star) 


Thus, the motor 
speed 
full-on 


accelerated to a 
starter is in the 
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30.40 50 60 


Percentoge of synchronous speed 


Fig. 6—Star-delta starting with a fully spring loaded clutch. 


torque of the motor, the load would 
not be until the motor ac 
celerated to 64 per cent of synchro- 


Started 
nous speed. At about 90 per cent of 
synchronous speed, the load would be 
accelerated to the speed of the motor 
and clutch 
Figs. | 
current 


However, the curves of 
that the motor 
would be high because the 
starter was placed in the delta po 
a comparatively low poly 


and 6 show 


sition at 
phase squirrel-cage motor speed 

If a fully spring-load clutch is used 
with the 
characteristics are as shown in Fig. 6 
In the 


would 


same motor, the starting 


starting position the motor 
84 per 
cent of synchronous speed and would 
then take a 
when the starter was changed to the 
full-on delta position 

A constant full-load torque, how 
ever, would not be accelerated until 
the motor had reached about 85 pet 
cent of synchronous speed in the full- 
on position. The clutch would slip 
from about 75 to 85 per cent of 
synchronous speed. At 92 per cent 
of synchronous speed 
speed position—the windings would 
carry only about 200 per 
full-load current. 

Designing the clutch to transmit a 


accelerate to about 


reasonably low current 


the constant 


cent of 


lower torque at full speed would re 
cuire the angle @ of curve A to be 
reduced. This would reduce the peak 
current as well as the current needed 
as the clutch accelerates the 
hut the starting would be increased 
and the clutch would have a lower 
overload capacity than indicated 


load, 


REFERENCE 

Centrifugal Clutches on Motor Drives 
Published in Mechanical World, May 
1956, p. 210-214 
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FRICTION 


From 


Fig. 1 Left—Hub-type friction disc with 
brazed or powdered-metal friction seg- 
ments. The machined hub is riveted to 
the steel backing after sintering. The 
advantages of bond-on plate over riveting 
include: superior heat-conduction and -dis- 
sipating characteristics, no allowance for 
rivet head or rivet clinch is needed, 
capable of withstanding higher centrifugal 
force because it is bonded to the backing 
plate. Structural strength of the backing 
plate, however, must be computed in the 
annealed condition of the metal. 


MATERIALS 


for power transmission 


M: rALLic and nonmetallic dry pow- 
ders may be mixed and sintered to 
achieve virtually any fractional char- 
acteristic desired. Materials commonly 
used include copper, lead, iron, tin. 
graphite, and silica. The mixed ma- 
terial is generally classified as iron- 
base or copper-base depending upon 
the predominant constituent. The sin- 
tered mixture, usually weak in tension 
and shear, requires a bonded 
or backing plate for support. 
Proper processing permits 

lent control of the ingredients and 
their characteristics. The ingredients 
may act individually, in alloy or in 
conjunction with other ingredients 
The main metallic ingredient contrib- 
utes to the frictional properties, forms 
a matrix or metallic network and con- 
ducts most of the heat away from 
the surface. Minor metallic ingredi- 
ents alloy with the main metal or 
act individually to determine frictional 
properties. The nonmetallics are prin- 
cipally concerned with the frictional 
characteristics of the material 


core 


excel- 


PROPERTIES 


The primary property justifying the 
use of powdered-metal friction mate- 


rial is its resistance to wear. Other 


This article has been abstracted from 
chapter 5.1 “Powdered-Metal Friction Mate 
rial of the ASME Process Handbook” to be 
published by McGraw-Hill Book Co., 1957 


outstanding properties of powdered 
metal friction materials include: 

1. Superior energy absorption that 
permits the use of these 
at higher temperatures and pressures 
Higher energy absorption means smal 


materials 


ler, lighter and more compact design 

2. The ability to absorb a greater 
portion of the heat 
friction application because of the 
superior heat absorption of the sin 
tered friction material. This results 
in longer wear, less distortion and 
reduces checking making its use for 
inaccessible installations ideal 

3. The stable coefficient of friction 
of these materials with heat and 
pressure from the 
stability of the ingredients used. They 
are very reliable on tension-control 
clutches, overload clutches and brakes 
which must slip for long periods. 

4. Unaffected by climatic conditions 
(heat, cold, dampness, salt water, and 
fungi) these materials also are rela- 
tively inert to many chemical reac- 
(heat, water, oil, solvents and 
salt water). Fluids will lubricate the 
surface and lower the coefficient of 
friction, but the material may be 
cleaned and the coefficient of friction 
restored by contact with the opposing 
surface, washing with a solvent or 
mechanically refacing. This is impor- 
tant when contact with fluids is pos- 
sible or wet applications are used. 

5. Economically and _ functionally 
superior because of their greater wear 


generated by 


Variations results 


trons 





Powdered meto/ 
Stee/ backing _ friction moteria/ 
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Ring form Segment form 











resistance and greater strength of the 
powdered-metal friction material it is 
oossible to produce smaller, lighter 
units. The steel backing members can 
also be used as a structural part fur- 
ther reducing cost and weight. 
Powdered-metal friction materials 
may be produced to 
static or dynamic coefficients of fric- 
tion, high wear resistance, high energy 
absorption or constant coefficient of 
friction. Materials are available with 
friction varying from 


meet specific 


coefficients of 
0.05 to 0.5. Specific information de- 
pends on additional factors such as 
opposing material, surface condition, 
over-all design and heat dissipation 
characteristic of a specific application 
Data required to determine the de- 
material includes a 
brief description of the application, 
dimensional requirements, speed of 
engagement, used for the 
opposing surface, unit pressure on 
the friction elements, power or torque 
requirements, life expectancy, and 
operating conditions such as frequen- 
cy of application, dry or wet surfaces 
and type of lubricant. 
Opposing materials used 
those normally employed against ordi- 
nary friction materials. For extremely 
high energy absorption, the opposing 
surface should be as smooth as pos- 
sible or chrome plated. Smoother sur- 
faces reduce break-in time and im- 
prove frictional characteristics. 


signed friction 


material 


can be 


FABRICATION 

Dry powders of the desired com- 
position are shifted, blended, mixed 
to the desired consistency and stored 
in sealed containers to prevent oxida- 
tion before use. The prepared pow- 
der mixtures are moulded cold at 
22,000 to 30,000 psi. To achieve a 
constant density all moulding is done 
in flat sections. Parallel vertical cross- 
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Fig. 2 Left—Ring facings are one of the 
commonest types of single face friction 
elements and are made in both full-ring 
and segment forms. Full-ring facings (A) 
are slotted to provide for thermal expan- 
sion of the lining. The slots are usually 
blanked in the facing after sintering. In 
segment type facings the space between 
segments takes the place of the slots in 
the full-ring facings. Segments may be 
molded to shape or produced in full-ring 
form and sheared into segments. Usual 
spacing between segments is 's inch. 


section cavities must be used to 
achieve the constant density required 
for optional frictional characteristics. 
Two basic moulding processes are 
used—automatic and hand moulding 
The automatic process utilizes volu- 
metric measurement of material by 
mechanical strick-off of excess pow- 
der. One compact is molded and 
automatically ejected per press 
stroke. Hand molding involves indi- 
vidually weighed charges evenly dis- 
tributed by the operation in a multi- 
layered mold. Steel separator plates 
are used during pressing. 
Backing material and 
be sheet metal, cast-iron, cast steel 
or plate steel depending upon the 
application. The application surface 
must be parallel, flat and free from 
scale and blowholes. Machined sur- 
faces require a medium finish. Cores 
and backings must be chemically 
clean and copper or nickel plated 
0.0001 in. thick to prevent oxidation 
Allowances for furnace growth and 
distortion of the backing and cores 
must be made. Allowances for growth 
can be predicted but where close 
tolerances are required machining af- 
ter sintering is recommended. 
Backing and core material should 


cores may 
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be considered in the annealed condi- 
tion for strength calculations. Lugs, 
splines or attachment points may be 
hardened after sintering but the fric- 
tion material must not be heated above 
its oxidation temperature. 

Sintering and bonding occur simul- 
taneously in the heat-treating process. 
Cores and compacts are positioned 
in stacks with adjacent units separated 
by graphite coated stainless separa- 
tors. The assembled stacks are heated 
to 1200 to 2000 F in a reducing 
atmosphere. A pressure of 100 to 
200 psi is exerted on the stacks during 
the heating process. During the cool- 
ing cycle pressure is released but 
the reducing atmosphere retained 
until the stacks cool 

Finishing operations include grind- 
ing (parallel and flat), trimming edges, 
deburring, forming, drilling, counter- 
boring, grooving, and notching. Car- 
bide cutting bits are required but the 
usual machine tools are used. All 
bending and forming operations are 
performed after sintering because 
heat treatment must be done with 
the friction material flat and_hori- 
zontal. Special equipment is required 
to bend the finished units to prevent 
cracking or chipping 


APPLICATION OF POWDERED-METAL FRICTION MATERIAL 


Sintered friction material may be attached to the carrier assembly by rivets, 
welding or by brazing directly to the carrier. In the instance of the brazed as- 
sembly the backing material is used as the brake band with anchor loops, clevises 
and end brackets welded or rivited directly to the backing material 


Because of the greater rivet strength required semitubular steel rivets should 
be used and set with a roll clinch for extra strength. Table | gives recommended 
edge distance for standard rivets used in steel backed friction material. The 
rivets should be countersunk entirely in the steel backing material. 


Welding is an excellent method of joining single face rnaterials to carriers 
Arc, spot, projection or stud welding may be used. Precautions to prevent over- 
heating, oxidation or warpage of the friction material must be taken. A large 
number of small! welds is preferred to several extended or continuous welds. Spot 
or projection welds can be made through the surface of the friction material. Pro- 
jections must be on the carrier since it is unpractical to develop projections on 


the steel backing. 
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Fig. 3 Left—Splined disk applications are 
widely used. When the gear teeth are 
shaped before sintering an allowance for 
expansion during sintering must be made. 
Disks over 12 in. diameter should be ma- 
chined after sintering to reduce the toler- 
ance on pitch diameters. Multiple disk wet 
clutch applications usually require oil 
grooves on the face of the friction material. 
Spiral and radial grooves are used and 
standard grooves are 's in. wide formed to 
within 0.007 in. of the core with sharp 
edges and a slight fillet on the bottom. 


Fig. 4—Integral bands using the friction 
material backing as a structural member. 
Clevises, anchor loops, etc. are welded 
or riveted directly to the backing ma- 
terial. Flexibility can be controlled by 
grooving the friction material or varying 
the thickness of the backing material. 
The advantages of this type of band are; 
reduced weight by elimination of a sepa- 
rate carrier, better heat conduction, saves 
cost of separate carrier and assembly. 


Table I—Recommended Rivet Sizes 
and Edge Distances for Powdered- 
Metal Friction Facings 





Minimum 

Distance 

from Edge 
in 


L 





* Included angle of head 








Lubrication of roller chains 








Oi! application 








Pin 


Fig. 2—MANUAL APPLICATION OF LUBRICANT by (A) 
flared-lip oil can, or (B) hand brush, is simplest method for 
low-speed applications not enclosed in casings. New chains 
should be lubricated daily until sufficiently “broken-in,” after 
which weekly lubrication programs should suffice. 


Roller 
Roller link plate 
link plate 


Fig. | 





Fig. 1—APPLY OIL DROPS between 


roller and 


pin links on lower strand 


of chain just before chain engages 
sprocket so that centrifugal force car- 
ries oil into clearances. Oil applied at 
center of roller face seldom reaches 
the area between bushing and roller. 


Kerosene or 
gosoline 


Uh 
~Ouson 


6, 


Fig.3 


Fig. 3—CHAINS WITHOUT CASING should be: (A) removed periodically and washed in 
kerosene, (B) soaked in light oil after cleaning, and (C) draped to permit excess oil to drain. 


Fig. 4—DRIP LUBRICATION can be adjusted to feed oil  0// cup ~ 
to edges of link plates at rate of 4 to 20 drops per minute 
depending on chain speed. Pipe contains oil-soaked wick to 


feed maltiple-width chains. Glass 
sight~ 














Wick soaked 
with oil- 


Fig. S—CONTINUOUS LUBRICATION systems for open chains: (A) Wick Cut-gwoy 


lubrication 


is lowest in cost to install; (B) Friction wheel lubrication uses of pipe 


wheel covered with soft absorbent material and pressured by flat spring. 


O:/ reservoir 


Oil-feed 
adjuster 


Cross-section 


of broeket 


Flat 
SAOEAAETEAEEE, spring 


Oi/ 
reservoir 
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Unsatisfactory chain life is usually the result of poor or ineffective lubrication. More 
damage is caused by faulty lubrication than by years of normal service. Illustrated 
below are 9 methods for lubricating roller chains. Selection should be made on basis 
of chain speed as shown in Table |. Recommended lubricants are listed in Table II. 





Table I—Recommended Methods Table IlI—Recommended Lubricants 








Chain Speed 
’ Pitch of chain, Viscosity at SAE 
Ri min Method _ in 100 F. SUS No 
0-600 Manual: brush, oil can 
Slow Drip: 4-10 drops, min 
Continuous: wick, wheel —5 240-420 


600-1500 Rapid Drip—20 drops, min 420-620 
Shallow Bath, Disk 
620-1300 











over 1500 Force Feed Systems 











Note: For ambient temperatures between 100 to 500 F use 
SAE 50 


Fig. 6—SHALLOW BATH LUBRICATION uses casing as 
reservoir for oil. Lower part of chain just skims through oil 
pool. Levels of oil must be kept tangent to chain sprocket 
to avoid excessive churning. Should not be used at high 
speeds because of tendency to generate excessive heat. Bott le— 


Sprocket 


Fig. 7—DISK OR SLINGER can be attached to 
lower sprocket to give continuous supply of oil. 
Oil gage Disk scoops up oil from reservoir and throws it 
Oil against baffle. Gutter catches oil dripping down 


from baffle and directs it on to chain. 
Drain plug 


Fig. 8—FORCE-FEED LUBRICATION for 

chains running at extremely high speeds. Sins aida initia 
Pump driven by motor delivers oil under ee 
pressure to nozzles that direct spray on to 
chain. Excess oil collects in reservoir which 
has wide area to cool oil. 


Orive shoft 


Pump 
chain 


Pump Excess of 


Flexible 
hose 


Inlet Fig.9 








Fig. 9—CHAIN-DRIVEN FORCE-FEED system has pump driven 

by main drive shaft. Flow control valve, regulated from outside 

of casing, by-passes excess oil back to reservoir. Inlet hose contains 

filter. Oil should be changed periodically—especially when hue is 
reservoir brown instead of black. 
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Formula for epicyclic gear train 
of large reduction 


M. F. SPOTTS, Northwestern Technological Institute 


Wu: N large speed reductions are required, the epicyclic 
train shown in Fig. 1 can be effectively employed. Input 
shaft A is keyed to gear 1 which turns gear 2 as well as 
the right side of the case through gear 3. Output shaft B is 
attached to the arm that carries gear 5 which in turn 
meshes with gear 4 and the case at gear 6 

Fig. 2 shows a front view of the gears. Radius OC of 
gear 3 was originally vertical but has been ro‘ated to the 
position shown. In so doing arcs CD, DE, FG and GH are 
all equal to each other. If the rotation of shaft A is denoted 
by @, then angle COD, turned by gear 3, is (Ni/ Nx) @ 
where N; is number of teeth in gear 1 and Nx is number of 
teeth in gear 3. Arc GH subtends angle (Ni/N2) @, 

Starting points C and J for gears 3 and 6 were originally 
vertical. Terminal points H and P for gears 2 and 4 were 
also originally in the vertical. Rotation @, of the arm must 
therefore be an amount sufficient to make arcs JK, KI 
MN, and NP equal to each other. 

If @. represents the rotation of gear 5, then the angle 
subtended by arc NP is equal to (Ns/Ns) @,. Arc JK 
subtends angle (Ns/ Ne) @ 


The following equation can now be written: 


COH (5 >) N N a 
, N.' NJ’ (iv. + Wr) % 






































Shoft B 























NV NNs AN ) 
N.N.N; VN ; 


Rotation 4, of the arm as well as the shaft B ts equal to 


when the value of @,. from Eq (1) is substitu‘ed, the result 


can be reduced to 


EXAMPLE. Find the velocity ratio for the train if N; 
N S51, N 76, N4 49.N 12, and Ni 


SOLUTION. Substitution in Eq (2) gives 


| 


59.406 


An arrangement of gears like Fig. 1 is thus capable of 
giving very large reductions. It should be noted that these 
values for the numbers of teeth require non-standard pitch 
circle radii and non-standard thicknesses of teeth for gears 
1, 2, and 3. Computations for these can be made as ex- 
plained in Product Engineering, May 1945, p. 339 

If gear 2 in the above example has 52 teeth, all gears 
will have standard proportions, but the ratio is then re- 
duced to approximately 1/558.04 
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+» EE —Sealed housing Fig. 1 Left— Cross section of a 
rotor connected to a splined input 
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‘ 
Mydroulic reterder——>» 


Fig. 2 Above— Simple boil-off fluid circulating system used 


c¢ retarder. Partially closing the regulating 
nd increases the braking efficiency. 


hydraulic retarder with the 
shaft. Fluid inlet and outlet 


connections are provided in the fixed outer casing. 


From: SAE Papers 


Power absorption devices 


Retarders reduce the amount of energy to be absorbed by friction brakes, 


reducing brake maintenance and providing a governing 


action that prevents 


CSoveanina the speed and accel- using internal combustion engines 
eration of heavy moving masses with while hydraulic and eddy current units 
variable operational speeds frequently have a wide field of application 
requires the absorption of large 
amounts of energy. Friction brakes HYDRAULIC RETARDERS 
are commonly used but have limita- A hydraulic retarder may be regard 
tions because of their inability to ed as a Stalled fluid coupling or torque 
dissipate heat rapidly. Within their converter. Rotor vanes accelerate fluid 
design limit, retarders may be used toward the outer periphery of the 
to absorb energy for extended periods stator. As the fluid strikes the stator 
but are not meant to replace friction vanes it is redirected inward to the 
brakes for final stopping or holding. rotor. This turbulent working of the 
Retarders may be grouped into fluid converts mechanical energy into 
hydraulic, eddy-current or magnetic, heat. Fig. 1 is a cross section of a 
and compression types. Compression typical hydraulic retarder. The retarder 
retarders are restricted to equipment rotor also functions as a centrifugal 
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overspeed conditions. 


pump tending to circulate fluid from 
the retarder through a heat exchanger 
and back to the retarder. A simple 
“steam off” water system, Fig. 2, may 
be used to cool the water, and supply 
the retarder. The unit is controlled 
by a metering valve regulating the 
flow of water to the retarder. In 
creasing the flow increases the power! 
absorption of the retarder; shutting 
the ‘control valve completely reduces 
the braking action to zero 

The power absorption capacity of 
a 15 in. retarder is shown in Fig. 3 
The capacity of the retarder varies 
approximately as the cube of the speed 


E13 





Ihe result of this increase in capacity 
with an increase in speed is a govern- 
ing action that prevents excessive ac- 
celeration or overspeeding. The 
amount of braking desired may be 
varied from maximum to minimum 


without loss of this governing action 


EDDY-CURRENT RETARDERS 


Eddy-current retarders are basically 
electro-magnetic couplings with one 
half locked. The unit consists of an 
armature and an iron ring. When the 
armature is energized, relative motion 
between the driven and the fixed com- 
ponents generates eddy currents in the 
iron ring. These eddy currents produce 
a second magnetic field in the iron 
ring that tends to retard rotation. The 
magnitude of the retarding torque, is 
directly proportional to the current 
supplied to the armature and the rel- 
ative motion between the fixed and 
moving components. Energy absorbed 
by eddy-current retarders is dissipated 
in the form of heat, both air and 
liquid cooled units are used. For fixed 
or indoor applications liquid cooled 
units are normally used unless a ready 
source of cooling air is available 

Use of eddy-current retarders on 
heavy automotive equipment greatly 
reduces brake maintenance and oper 
ator fatigue. Retarders for automotive 
use are usually air cooled, Fig. 4, and 
current for excitation is provided by a 
belt driven generator connected to 
the drive shaft. The 


ring is slotted to provide adequate 


rotating iron 
cooling and is completely exposed 
The horsepower dissipation rate, at 
maximum resistance, for various 
speeds, grades and vehicle weights is 
given, Fig. 5, in nomographic form 
Control of vehicle mounted retar- 
ders is simple; a switch on the ac- 
celerator pedal actuates the retarder 
at speeds above 25 to 30 mph when 
the load on the accelerator is removed; 
a switch on the brake pedal keeps 
the retarder functioning down to 10 
to 12 mph. The only restriction is: not 
to downshift descending grades; other- 
wise normal driving procedures are 
followed by the vehicle operator 


COMPRESSION RETARDING 
Compression retarding with an in- 
ternal combustion engine is achieved 
by operating the engine as an air 
compressor. This is accomplished by 
closing the exhaust manifold, and shut- 
ting off the fuel supply. The retard- 
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Fig. 3—Maximum power absorption capacity of a 15 in. hydraulic retarder. 
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lotted iron rotor 


Fig. 4—Air cooled eddy-current retarder for automotive applications. The slotted iron 
rotor is splined to the drive shaft and rotates with it. The armature is rigidly mounted 
on the truck chassis and excitation is provided by a belt driven generator. 


ing torque developed is primarily a 
function of the exhaust manifold pres- 
sure produced when the manifold is 
closed off. The normal retarding torque 
produced by engine braking is doubled, 
Fig. 6, by compression retarding. The 
maximum exhaust pressure generated 
is a function of the pressure exerted 


by the engine valve springs. When 
exhaust manifold pressure exceeds 
engine valve spring pressure the en- 
gine valves open on the intake stroke 
reducing manifold pressure and de- 
creasing the retarding torque. 
Installation of compression braking 
for diesel operation is simple, Fig. 7, 
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Horsepower dissipation rate Fig. 5 Left—Nomograph for computing the 
relation of gross vehicle weight, speed and 
grade to horsepower dissipated by an eddy- 
current retarder. 
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Fig. 6 Below—Comparison of retarding torque 
produced by engine braking and compression 
braking for diesel and gasoline engines. 
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and fully automatic or selective opera 
tion may be used. Four-cycle gasoline 
engines require an additional valve, 
between the carburetor and engine, 
vented to atmosphere. The intake be 
manifold vent used on gasoline engines 


Stop light 
switch 
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permits full closing of the carburetor switch 
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butterfly, shutting off fuel, without | ' 
reducing the air supply to the engine 


Compression retarding is limited by 
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engine size and design and has no 
relation to vehicle weight. Therefore, 
its utility decreases as the horsepower 











to gross vehicle weight ratio decreases a 
This disadvantage is balanced by the I Ale eagneais | = Air 
simplicity of the method, the low cost J | cy! 
of the necessary components and the Magnet 


: ‘ — vo/ve 

fact that engine operation is improved 

Additional retarding torque can be From exhoust manifold ——> | suttier 
obtained by using lower transmission —,; 


gear ratios Butterfly valve aa 
In gasoline engines the high sub- 

atmospheric pressure generated in the - . - 

cylinders during coasting are elimi- 























Fig. 7—Schematic of compression retarder installation for diesel engines. An over- 
nated. This prevents oil being drawn ride switch actuated by the fuel injection pump allows compression braking only 
into the combustion chamber by a when injection ceases. 


negative pressure differential : 
" P the SAE Summer Meeting, June, 1956 sented at the SAI Summer Meeting, 


Eddy-Current Retarder by J. G. Octzel June, 1956 
Warner Electric Brake and Clutch Co The Thompson Retarder by James H 
REFERENCES: Presented at the SAE Summer Meeting Booth, Chief Engineer and Edward J 
Hydrotarder, by E. F. Speiden, Par June, 1956. Herbenar Thompson Products, Inc. Pre 
kersburg Rig and Reel Co., Div. of Compression Retarder by W. E. Meyer, sented at the SAE Summer Meeting, 
Parkersburg-Aetna Corp. Presented at The Pennsylvania State University. Pre- July, 1956. 
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From: American Machinist 


Worm efficiency nomographs 


Chart | is a nomogram that relates the pitch diameter, the The construction of the chart is based on the formula 
lead, and the lead angle of a worm. When values of any 

two of these terms are given or known, an approximate whe * ot deg 

value of the third term can be found directly from the ] cil iall aides 

chart without the aid of tables of trigonometric functions D = pitch diameter of worm 


CHART I 
WORM LEAD ANGLE 


L 


Formula: tanaA= 7D 


)= Pitch diameter, in 


ie 
L 
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Example 1. Find the lead angle A of a worm having a pitch 
diameter D of 2 in. and a lead L of | in. From the chart, 
a straight line connecting the two given values intercepts 
the A scale at a lead angle of 9 deg. (By precise calculation 
the angle A is 9 deg, 2 min, 35 seconds.) 
Chart II is a nomogram that relates the efficiency of a 
worm gear with its lead angle and the coefficient of fric 
tion. The nomogram is based on the formula 

B | uw tan 


n't 


CHART I 
WORM GEAR EFFICIENCY 


i-m tona 
Formula € = cauuiiipuameasee 
1+m Cota 








} = Lead angle, deg 


20 





25 
30 
40 
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where 


REFERENCI 


Worm-Efficiency Charts by Oliver Saari, Illinois Tool Works 


Published in American Machinist, November 9, 1956 
163-165 


P 


Efficiency, p 








200 
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Sheave rim weight (ib per in. of width) 
From: Allis-Chalmers Texrope Drives Bulletin 


WR’ for flywheel effect 


Jue formula WR? is equal to the 
sheave rim weight in lb multiplied by 
the mean radius in feet squared 

Rim 


may be found from Fig. | 


weight of a standard sheave 


Knowing 
the pitch diameter of the sheave, fol- 
line horizontally the left 


low a trom 


Table I—Mean Radius and Inside 
Diameter Factors for V-Belt Sheaves 





S 
= To find mean To find max 
Size of (radius of sheave inside dia of 
Belt subtract from | sheave subtract 
in pitch radius from pitch dia 
In In. 
A x 0.375 & 1.25 1'4 
Bx ie 0.4375 f 1.4375=1 
C ex 0.5625 i 1.8125 l 
D 1\4x ; 0.875 a 2.625 2 
E lox! 0.9375 3.000 3 





column until it intersects the diagonal 
line representing the V-belt section of 
the sheave. A perpendicular line from 
this point to the base scale will indi- 
cate the sheave rim weight in Ib/in. of 
width 

EXAMPLE the WR? of a 


standard 40 in. pitch diameter sheave 


Calculate 


rim which is grooved for D section 
V-belts and has a width of 7% in 


SOLUTION: From Fig. |, a 40 in. pitch 
diameter sheave has a rim weight of 
31 Ib/in. width 


D 
WR wr (s)-» 
12 


Sheave 

in. 

f Width of Sheave Rim, in 

vw Sheave Rim Weight, Ib 
in. of width 

m Mean Radius Factor, in 


where: D Pitch Diameter 


Mean Radius Factor, m 
V-belt 0.875 in 


40 a 
WR 31) (7.5 ( 7) nore 
12 


) 5? = 588 lb-ft 


0 A «& 


for D section 


[he mean radius of the sheave and 
the maximum inside diameter of the 
sheave may be found from Table I for 
various section V-belts. Belt sizes are 
also shown for the various sections 

Moment of inertia is defined as the 
limit of the sum of the products of the 
masses of each of the elementary par- 
into which the body 
conceived to be divided and the square 


ticles may be 
of their distance from the given axis 
The pitch diameter lies outside of the 
mass center of the sheave. Subtraction 
from the pitch diameter of the mass 
radius factor the 
particles at the given 
distance from the axis 


locates distance of 


all elementary 
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45 60 
Weight to be added per inch of width, Ib 


Nomogram to determine extra weight 


If the WR? of a standard V-belt 
sheave is found to be less than that 
required by the driven machine it is 
necessary to determine the amount ot 
additional weight required to produce 
the desired flywheel effect 

To use Fig. 2, divide the required 
WR* by the rim width and locate this 
value on the left scale. Project a line 
horizontally to the right until it inter- 
sects with the diagonal line represent- 
ing the pitch diameter of the sheave 
A perpendicular line from this point 
to the 
weight to be added to the sheave rim 
in lb/in. of width for flywheel effect 


bottom scale indicates the 
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To find the WR? of a standard 
sheave, find the point of intersection 
of the diagonal pitch diameter line 
with the dash line indicating the V-belt 
section. Project horizontally to the lef! 
and read WR? per inch of width 
Multiply this value by rim width of 
sheave to get inertia value 
EXAMPLE: Determine the amount of 
metal to be added to a 55 in. PD 
sheave, to develop 6000 Ib-ft?. Face 
width is 11'4¢6 in 


SOLUTION: Dividing 6000 WR® per in 
of face width by 116 in. face width 


1957 


equals 508 WR per in. of face width 
Locate 508 on left scale, Fig 2. and 
tollow line to intersection of 55 in 
pitch diameter diagonal sheave line 
From this point drop perpendicula: 
ne to base of Fig. 2 and read 72 Ib 
72 Ib umes 11" 46 in. face width equals 


S50 Ib extra metal 


REFERENCE 


Constant Speed Texrope Drives 


(Quick Selection Tables ( atalog No 
20B69S56D 
lished by the Allis-Chalmers Manufactur 


Milwaukee 1, Wisconsi: 


E19 


> 


Pages 70, 71 and 72. Pub 


ing Company 








Pitch diameter, in 





+ + 


(Use for sheoves below /2 grooves only } 


+ + 


—_* + 








From: Allis-Chalmers Texrope 


60 70 80 90 


Sheove rim weight (ib per in. of width) 


Drives Bulletin 


100 110 120 


WR’ for flywheel effect 


Jue formula WR* is equal to the 
sheave rim weight in Ib multiplied by 
the mean radius in feet squared 

sheave 


Rim weight of a standard 


may be found from Fig. |. Knowing 
the pitch diameter of the sheave, fol- 
low a horizontally 


line from the left 


lable I—Mean Radius and Inside 
Diameter Factors for V-Belt Sheaves 





To find max 
inside dia of 


To find mean 
Size of (radius of sheave 
Belt subtract from sheave subtract 
In pitch radius from pitch dia 
In In. 


0.375 
0.4375 
0.5625 1.8125 
0.875 2.625 


0.9375 3.000 





column until it intersects the diagonal 
line representing the V-belt section of 
the sheave. A perpendicular line from 
this point to the base scale will indi- 
cate the sheave rim weight in Ib/in. of 
width. 

EXAMPLE: Calculate the 
standard 40 in 


WR? of a 
pitch diameter sheave 
rim which is grooved for D section 
V-belts and has a width of 7% in 

SOLUTION: From Fig. 1, a 40 in. pitch 
sheave has 


width 


D 
wr (>) . 
12 


diamete! 
31 Ib/in 


a rim weight of 


WR 


Sheave 
in. 
Width of Sheave Rim, in 
Sheave Rim Weight, Ib 
in. of width 

Mean Radius Factor, in 


where: D Pitch Diameter 


Mean Radius Factor, m 
V-belt 0.875 in 


(>) 
- = 0.875 
12 


25 588 lb-ft 


for D section 


The mean radius of the sheave and 
the maximum inside diameter of the 
sheave may be found from Table I for 
various section V-belts. Belt sizes are 
also shown for the various sections 

Moment of inertia is defined as the 
limit of the sum of the products of the 
masses of each of the elementary par- 
ticles into which the body 
conceived to be divided and the square 


may be 


of their distance from the given axis 
The pitch diameter lies outside of the 
mass center of the sheave. Subtraction 
from the pitch diameter of the mass 
radius factor 


locates the distance of 


all elementary particles at the given 


distance from the axis 
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WR2 per in. of width 





























70 90 = 
60 80 00 
Weight to be added per inch of width, Ib 


Nomogram to determine extra weight 


If the WR* of a standard V-belt 
sheave is found to be less than that 
required by the driven machine it is 
necessary to determine the amount of 
additional weight required to products 
the desired flywheel effect 

To use Fig. 2, divide the required 
WR? by the rim width and locate this 
value on the left scale. Project a line 
horizontally to the right until it inter- 
sects with the diagonal line represent- 
ing the pitch diameter of the sheave 
A perpendicular line from this point 
to the bottom 
weight to be added to the sheave rim 
in lb/in. of width for flywheel effect 


scale indicates the 
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To find the WR* of a standard 
sheave, find the point of intersection 
of the diagonal pitch diameter line 
with the dash line indicating the V-belt 
section. Project horizontally to the lef! 
and read WR* per inch of width 
Multiply this value by rim width of 


sheave to get inertia value 


EXAMPLE: Determine the amount of 
metal to be added to a 55 in. PD 
sheave, to develop 6000 Ib-ft°. Face 
width is 11'46 in 


SOLUTION: Dividing 6000 WR per in 
of face width by 11'i6 in. face width 


1957 


equals 508 WR* per in. of face width 
Locate 508 on left scale, Fig. 2, and 
tollow line to intersection of 55 in 
pitch diameter diagonal sheave line 
From this point drop perpendicular 
line to base of Fig. 2 and read 72 Ib 
72 Ib times 116 In. face width equals 


S850 Ib extra metal 


REFERENCI 


Constant Speed Drives 
Quick Selection 


20B6956D 


Texrope 
Catalog No 
72. Pub 
lished by the Allis-Chalmers Manufactur 
Milwaukee 


Tables 


Pages 70, 71 and 


ing Company |, Wisconsir 
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From: Marquette Metal Products Bulletin 


Design and application of 
spring clutches 


Spring clutches are designed for effecting connect and disconneci 
between power sources and accessories. They can be made to engage or 
disengage automatically or manually. Spring clutches are positive action 

devices and are not alone capable of use for feathering or 
slip operations. Applications include clutching or braking action, over 
a wide temperature range, with or without lubrication. Major 


advantages: long life and virtually unchanging efficiency. 





Fig. 1 — Contracting type overrunning clutch 


Clutch 
spring. 


Output 
pulley 


Thrust 
washer 








Snop ring 
Assembied View 


General function—For a given spring the input hub hub by means of the right hand wound clutch spring. 
will drive the output hub in the same direction and Spring is wrapped down on both hubs. If the output hub 
speed. If the input hub is rotated in the opposite direc- or pulley is driven faster than the input hub, no clutch- 
tion, the output hub will remain stationary and clutch ing exists between output and input hub. In some appli- 
spring will overrun. cations the output pulley can be the power input member. 


Detailed operation—Assume input shaft turns in di- General applications—Indexing mechanisms, brake, 
rection of arrow. The input hub is clutched te output reversible motors, drives in one direction only. 
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Clutch spring D 
LH. Helix shown 





Snop ring 
L4/ ~ j 
a Assembied View 


General function When driving hub rotates in the direction of the 


Driver turns in one direction and the 
driven member turns in the same direction. Overrun will 


occur if driver member is reversed or if driven member is 


screw ( 
arrow, hubs A and B are clutched together by clutch spring 
D. Clutch spring expands and grips against hub surfaces 
caused to rotate in same direction as driver but at a faster E and I 
revolution per minute 


If the driving hub is reversed, hub B will remain 
stationary. Direction of engagement and declutching can be 
made clockwise by using a clutch spring with a right hand 


Detailed operation—Assume hub A is the driver and helix 


rotates in direction of arrow, counterclockwise. Hub B is 
the driven member and is attached to shaft and held by set 


General application—Index mechanisms, brake mecha 


nisms, drives in one direction 





Retaining ring 


Fig. 3 — Bi-directional 
no-back clutch 


Stotionory 
housing 


General function—Input shaft can 
be rotated in either direction and will 
drive the no-back output shaft in the 
same direction at the same speed 


Detailed operation—When bi-direc 


; . View of assembied clutch 
tional input shaft is turned counter- 


2 Y in neutral position 2. 
clockwise screw B contacts toe surface yi 
C causing clutch spring D to collapse (% 
away from stationary surface F. Sut 
face F 


we 


‘ew 


76) 
Og 


of shaft adapter then bears 
against surface G of key 
is transmitted directly to no-back out- 
put shaft causing it to rotate. Assume 
torque load on no-back output shaft 
and zero torque on input shaft. Output 


Load on key 


SS 


Section A-A 


i) 
¥ 

8i-directiona/ 
jnput short 


shaft will rotate key until surface H 
contacts spring toe surface J. This 
causes spring to expand and clutch to 
stationary housing surface E, thus no- 
back output shaft is locked and cannot 
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rotate. Operation in clockwise direc 
tion is similar except surface change 
to opposite sides 


General application — Heavy fur- 


1957 


nace doors, hoists, scaffolding mecha 
nisms, winches and other applications 
where it is desired to keep the driven 
mechanism locked from driving back 
through the driver 
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Fig. 4 — Reversing type clutch 


Cleorance 











Assembied view of 
neutral position 


Snopring 


<s- A finput) 


General function—To cause the 
output driven shaft to be rotated in 


ber is rotating in one direction or to 
change the speed of the output shaft 


Detailed operation—Assume the in- 
put gears A and B simultaneously turn 
in the direction of the arrows. Gears 
C and D rotate as shown. If the shifter 
collar is moved axially to the right, the 


surface F of toe G comes in contact 
with the pin end H. The relative mo- 
either direction while the input mem tion between spring toes G and J 


causes the clutch spring to wrap down 


> B (rnput) 


hifter collar E 


Bal/ detent 


Alternate method to 
obtain reverse direction 
on gears Aand B 


output shaft the shifter collar is moved 
to the left. Both clutch springs are left 
hand wound and when one clutch is 
engaged the opposite clutch will over- 


thus effecting a clutching engagement run because of clearance between 
between the I. D. of the clutch spring 
and surfaces K and L. Thus, rotation K of hub 
of hub D is imparted to hub M by 
means of the clutch spring and then to 
the output shaft by the woodruff key 
N. To obtain reverse direction of the 


spring I. D. and diameter of surface 


General applications 
mechanisms and speed change mecha- 
nisms. 


Reversing 





Actuating 
rod 


To clutch 

















(A) 


Spring Clutch Actuation 


(A) Rod motion actuates the clutch. Force required on 
rod is light. Actuation of rod may be electrical, mechanical 
or manual. (B) Button motion forces tapered collar to con- 
tact end of clutch spring and actuate clutch. Force required 
on button is moderate. (C) Yoke motion actuates the clutch 
Force required is to overcome the ball detent. Actuation of 
shifter collar may be electrical, mechanical or manual. 
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Taper 





Tapered collar 














To clutch 


Ee at 


To de-clutch 
<—__ 




















Actuating 
Sutton- 

















(B) 








To clutch 
SSE 


To de-clutch 
hcl ~ ce nt 


Ball detent 


Shifter yoke 
{c) 
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POWER TRANSMISSION ( E ) 


Nomograph for relating values of 
force-speed-torque-horsepower 


LEO FIDERER, design engineer, Huck Company 


Tuis nomograph contains all iailee 
pertinent values relating to in 
force, speed, torque and 00 
horsepower. It can be used to 
select gears, belts, chain 
drives, and rotating machine 
components, and is based on 
the following well known fun- 
damental equations common- 
ly used in basic calculations 
associated with the design of 
power transmission compo- 
nents. 

V=3.14 DN 

7 63.000 PUN 

P=VF/33,000 

T=DF/2 





where 


linear velocity 


| 
| 
| 


} 
D =diameter, in 

V =rotational speed 
I 


power, hp 
T =torque, in-lb 
F tangential force 


Straight line through any 
two values used in one of 
these equations will intersect 
the corresponding third value 
on the proper scale 

The following example 
shows how the chart is used 
Example: 

Permissible tooth load on a 
gear with an 8 in. pitch dia is 
130 Ib at a maximum pitch 
line velocity of 1200 ft/min 
(A) What is the maximum hp 
transmitted by the gear. (B) 





At what speed and torque will 
the shaft develop max hp 


Solution: 

(A) Line through 130 Ib 
and 1200 ft/min gives 4.75 
hp. (B) Line through 8 in. dia 
and 1200 ft/min gives 575 
rpm. Line through 575 rpm 
and 4.75 hp gives 520 in.-lb 
The torque can also be ob 
tained by a line through di- 
ameter and tangential force 


10,000 
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Bead chains for light service 


BERNARD WASKO, chief engineer, Voland and 


Sons, Inc. 








Fig. 
sprockets. Norparalle! planes 
usually 
ment 
maintain. 
operate 


0 


Pat. Pendi» 


OO 


Beads 


‘oe, 
YA 


(— 
poet Ly j 


mm” > 
\\ 
} | 


IN __ 
Sprocket 


8eoa0 


4 


~ 
ai 
2—Details 
chain and sprocket. Beads of 
chain seat themselves firmly 
recesses 
face of sprocket. Links ride 
slots between 
cesses in sprocket. 


X wr 


1—Misaligned Fig. 
align- 
to 
can 
to 


occur when 
too expensive 
Bead chain 
at angles up 
20 degrees. 


is in conical 


freely in 


y 


Slots for 

links 
t-,Conica/ 
recesses 
for beads 


Sprocket 


rf 


? 


3—Skewed 
acquire 


of bead Fig. 


mally 


in the between shafts. 


re- 


shafts nor- 
two 
spiral gears to bridge space 


alignment does not interfere 
with qualified bead 
operation on sprockets. 


Guide 


Lorge rodius 


Fig. 4—Right angle drive 
does not require idler 
sprockets to go around cor- 
ner. Suitable only for very 
low torque application be- 
cause of friction drag of bead 
chain against guide. 


sets of 
Angle mis- 


chain 





Mox 
working 
tension(!b) 


- 103 
73 


20 
35 
S| 70 


37 150 





Table I-Load capacity of bead chains. Capacity varies with bead diameter, chain 


speed and lubrication 


max tension 


Percent 





Chain speed, ft/ min 


100 150 








Fig. 5—Remote control through 
rigid or flexible tube has almost 
no backlash and can keep input 
and output shafts synchronized. 


Joout shoft 


Pulley fixed to shaft 

Continuous chain ers) 
: * 
\ JY tee 


~ Output cylinder 
(over shaft) 


Pulley idling 


over shoft 


Fig. 6—Linear output from rotary 
input. Beads prevent slippage and 
maintain accurate ratio between 
the input and output displacements. 


Output shoft 


Fig. 7—Counter-rotating shafts. In- 
put shaft drives two counter-rotat- 
ing outputs (shaft and cylinder) 
through a continuous chain. 
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Where torque requirements and operating speeds are low, qualified bead chains 
offer a quick and economical way to: Couple misaligned shafts; convert from one type 
of motion to another; counter-rotate shafts; obtain high ratio drives and overload 


protection; control switches and serve as mechanical counters. 





ere. Oscillating 


sprocker 


‘Stonderd bead 
sprocket 


2 


. 
. 
sf 


Rototing 
‘ink 


4 


_OFPCCCCCOSOS 5 
 eeeeanate ¢ 


“-Knob 


Fig. 8—Angular oscillations from ro- Fig. 9%—Restricted angular motion. Fig. 10—Remote control of counter. 
tary input. Link makes complete revo- Pulley, rotated by knob, slips when For applications where counter can- 
lutions causing sprocket to oscillate. limit stop is reached; shafts A and B not be coupled directly to shaft, bead 
Spring maintains chain tension. remain stationary and syachronous. chain and sprockets can be used. 


Switch 


~~ 


¢ 


oo 


eeere 
° 


oeeo* 


ee 


/ 


2 e8eeeres 


Timing motor-- . 


-Loose chain 


. Pivot bor 
| Pivot point 
j ‘Spring 

Fig. 11—High-ratio drive less Fig. 12—Timiag chain containing large Fig. 13—Conveyor belt composed of 
expensive than gear trains. beads at desired intervals operates micro- multiple chains and sprockets. Tension 
Qualified bead chains and switch. Chain can be lengthened to contain maintained by pivot bar and spring. 
sprockets will transmit power thousands of intervals for complex timing. Width of belt easily changed. 


. 


without slippage. 


Spring 





Fig. 14—Gear and rack 
duplicated by chain and two 
sprockets. Converts linear 
motion into rotary motion. 


Retaining 
collors 

— sprocket 
y 


. 

\ 
es ieee 
rn xs es . . e 

© \~ Output Fig. 15 Overload protection. 

/ sprocket Shallow sprocket gives positive 
drive for low loads; slips one Sheet metal 

bead at a time when overloaded. 


- itn taney ce Fig. 16—Gear segment imexpensively 
made with bead chain and spring 
wrapped around edge of sheet metal. 
Retaining collars keep sheet metal 
sector from twisting on the shaft. 


“Stondord sprocket 


Sprocket with shaiiow 
recesses 
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Power 


From 


Belts for power transmission 


Flat belts are available in a variety 
of materials; the material being a de- 
termining factor in the friction value 
between contacting surfaces. Majority 
of installations are handled with 
leather or rubber belts. Plastic ply 
sandwiched between leather sections 
transmit equal power but are thinner, 
the width of the 


1 


lighter and often 
“onventional belts 
V-belts use a wedging action against 


sheave groove to transmit power. Ad- 


@ TYPES 


Flat belts transmit power by fric- 
tion between belt and pulley sur- 
materials are used, 
the most common being leather 


faces. Many 


and rubberized fabric. 
\ 1 


\ \ 
ya a a a a> a> a a ae 
." 


/\\ 


Ribbed belts—a recent develop- 
ment—are a series of parallel V- 
belts. The belt is molded length- 
wise around the inside circumfer- 


ence of a single rubber belt. 


vantages Claimed are: cushion between 
driven and driver units; used on large 
speed ratios; short centers; free of vi- 
bration, noise; will slip when over- 
loaded; and require no lubrication 
Normal range is 1000 to 5000 fpm 
Ribbed belts use less space as nar- 
rower sheaves can deliver equal horse- 
power, and belt matching is unneces- 
sary. Belt may be used as replacement 
for multiple V-belts but are not rec 
ommended for variable-speed applica- 


V-belts transmit through 
wedging action against sides of 
grooves in the sheave. These are 
higher speed belts than flat units 
and require better sheave alignment. 


power 





loothed belts are essentially flat 
belts with teeth equally spaced on 
the surface. Belt and pulley teeth 
mesh to transmit power at positive 
speed ratios without slip. 


tions or in a V-flat drive arrangement 

Toothed belts are suitable for tim- 
ing drives and for positive speeds. Belt 
and grooved pulley are similar to gear 
and pinion. Useful range is up to 300 
hp; normal operating range is between 
1500 and 5000 fpm 


REFERENCE 
Belts and Chains. Published in Power 
May 1957 p 75-94 


WEE 


\ 


y 


be BN 
—~ im . . 
y } \ \ 


Multiple V-belts extend the ad- 
vantages of single V-belt drives to 
higher hp. Belt lengths and cross 
sections must be matched to equal- 
ize the belt loads. 


\ 6 


We 


Link belts are made of single or 
two-ply links. They are primarily 
designed for 
drives and where a high slip appli- 
cation may be met. 


heavy slow-speed 
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m CONSTRUCTION 


Laminated construction has pulling 
cords in upper part of belt. Lower 
part of belt has rubber cushion. 


Grommet type has endless stretch- 
resistant cord loops similar to a 
twisted cable, embedded in rubber 
cushion forming the belt. 





Multiple-ply construction features 
endless high-tensile rayon cords 
with a fabric reinforced base. 


Endless cords in the upper section 
of the belt carry the load. Lower 
section may be a rubber cushion. 


Laminated cord construction with 
two-ply cover. Filler fabric keeps 
cords parallel in belt section. 





Cogged construction with die-cut 
raw-edge sides. Cogs maintain 
crosswise rigidity. 


Endless steel cables transmit power 
in high-speed minimum-stretch 
notched belt. 


Concave side wall construction has 
cord strength members, rubber and 
fabric undercore. 





Double angle construction § can 
transmit power to driven sheaves 
on both sides ef belt. 


Sr 
peseccence So 





Open end belt is used with metal 
fasteners. It is built up from 
many plies of fabric. 

















Wide range construction used for 
variable-speed applications with 
variable-pitch sheaves. 
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sdatitolel=ielalte. 
Spiral Bevel 
SPEED REDUCER 


high efficiency...in a right angle reducer 


The high efficiency of Philadelphia Spiral-Bevel Reducers has resulted in 

their use for many speed reduction applications in a wide range of indus- 

tries. In fact, Spiral-Bevel Units can provide ratios as low as 1 to 1, or as 

high as 238 to 1, making them applicable to many services where other 

reducer types are impractical. Another point, these units do not normally 

require the extra expense of a ‘“‘cooling-system’’ to keep the operating 

temperatures within safe limits. Philadelphia 
The combination of cut curved tooth Spiral-Bevel gears with accurately Speed Reducers 

hobbed and shaved Helical gears assures highly efficient operation and 

long, trouble-free service life. relee $8.37 
Philadelphia Spiral-Bevel Units are available in: Single, Double and aan te pd 

Triple gear reductions in both Horizontal and Vertical types, for most codiilicad Wieden 

every desired horsepower and ratio—they are truly Highest Quality modern gear 

Reducers in every respect. units. 


Write for new 





a = R 
phillie gear PHILADELPHIA GEAR WORKS, INC. 


ERIE AVE. & G STREET. PHILADELPHIA 34, PENNA 
Offices in all Principal Cities 


INDUSTRIAL GEARS @ SPEED REDUCERS + LIMITORQUE VALVE CONTROLS * FLUID MIXERS * FLEXIBLE COUPLINGS 


Limitorque Corporation « Philadeiphia 
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IN POWER TRANSMISSION, TOO... 
MEANS PROGRESS 


Borg-Warner power transmission products play a vital Borg-Warner’s activities. It's the reason why B-W sets 
role in the nation’s progress. You'll find dependable, the pace in so many fields 
precision made B-W gears, torque converters, clutches, the efficiency and reliability of the product 
universal joints and shafts, drive chains, couplings, gear and build 

boxes, power train assemblies and other products at Bring your power transmission problems to Borg- 
work on the farm, on the highway, throughout industry, Warner. All the skill and long experience of B-W 
and in the air. engineering staff is at your service, to help you find 


“Design it better—make it better” sums up all of the answers. 


| 
{ 


PROOUCTION 





YOUR TRUCKS 
CAN HAUL 


HEAVIER 


BORG 2 BECK and CLUTCHES 


NEW THREE-LEVER DESIGN 

LIGHTER WEIGHT— SHALLOWER 

ARCH TYPE CONSTRUCTION FOR PROPER VENTILATION 
SIZES TO 11’—FOR ALL BUT THE LARGEST TRUCKS 
SMOOTHER, QUIETER OPERATION 

EASIER ADJUSTMENT FOR MINIMUM MAINTENANCE 


PRECISION BUILT—TESTED FOR BALANCE, UNIFORMITY 


Consult our engineers—no obligation 


qutomotive standard for more than 40 years 


Export sales: 
Borg-Warner International « 36 Sovth Wabash Ave., Chicago 3, Illinois 


BORG-WARNER CORPORATION @ CHICAGO 38, ILLINOIS 








NOW. ee FROM 


Model shown is for 8 to 12 hp 
self-propelled vehicles 


COMPLETE POWER TRAIN ASSEMBLIES 


One source, single responsibility, integrated engineering, 
uniform quality and dependability, lower cost . . . these 
are important advantages you get when Warner sup- 


plies your small-vehicle power train requirements. 


The typical assembly illustrated includes clutch, 3- 
speed transmission, bevel gear right angle drive and 
brake, all in one compact assembly. And all engineered 
and fabricated by Warner to exacting quality and per- 
formance standards. 


Warner’s design experience, unique engineering skills 
and specialized manufacturing facilities are your assur- 
ance of real help with your assembly problems. And 
you can make us prove it, without cost or obligation. 
Write — now — for full information. 


ENGINEERING 


AUTOMOTIVE PARTS DIVISION 


BORG-WARNER CORPORATION, Auburn, Indiana 


GEAR BOXES + TRANSMISSION GEARS + RING 
GEARS AND PINIONS + DIFFERENTIAL PARTS AND 
ASSEMBLIES + SPLINED SHAFTS 





BOEGGORO 


There is no one stock answer to every power transmission control prob- 
lem. That is why ROCKFORD clutch engineers can be of practical help in 
designing applications that will increase your product's efficiency and 
reduce servicing down-time. 


ROCKFORD Spring-Loaded CLUTCHES permit convenient control 
and smooth gear changes under conditions requiring almost constant 
engagement, with only short periods of disengagement—maintained by 
foot-pedal or hand-lever pressure. 


ROCKFORD OVER-CENTER CLUTCHES lock in * 
“release” 
engagement or disengagement operation. 


PULLMORE Multiple-Disc CLUTCHES provide smooth starting and 


powerful, hand-operated control, within limited space. 


ROCKFORD Power TAKE-OFFS and Speed Reducers are complete, 
self-contained units. Available with heavy duty, gear-tooth drive ‘‘over- 
center’ type clutch equipment. Sizes to fit standard S. A. E. flywheel 
housings. 


ROCKFORD Morlife® CLUTCHES are best suited for use in off-the- 
road machines such as tractors, trucks, tanks, cranes, shovels, bull- 
dozers, earth movers, pipe layers, power units and other heavy duty 
equipment. 

An engineered-to-the-job ROCKFORD CLUTCH application involves re- 
commendations covering the proper type—spring-loaded, over-center, 
multiple-disc, gear-tooth or splined-to-shaft drive—as well as torque 
rating, shock-loaded absorption, slippage control, vibration dampening 
and provision for frequent drive shaft reversals. 


Regardless of your needs, ROCKFORD CLUTCH engineers can specify 
a size and type clutch that will operate most efficiently in your product— 
conserving space, power and final cost. Send a print or a description 
of your clutch need for their recommendations— 


engagement” or 
position, providing positive control during long periods of 


Small 
Spring Loaded 


Automotive 
Spring Loaded 


Heavy Duty 
Spring Loaded 


Oil or Dry 
Multiple Disc 


Heavy Duty 
Over Center 


Over Center 


Power 
Take-Offs 


Speed 
Reducers 


GOGOLEG0C69 
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New! ... from Morse Chain 


Morse “Timing” Belts 


Stronger, lighter, slip-proof drives from 


the longtime leader in power transmission! 


. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 


Here’s why Morse ‘“Timing”’ Belts are important to you: For the first time, 
you can get these versatile, job-proved drives from a specialist with years 
of experience in every phase of mechanical power transmission! 


EXCLUSIVE! 


Along with seasoned engineering know-how, Morse gives you the con- 
venience of a complete line to choose from: 0-16,000 FPM; 1/1000 HP to 
1,000 HP; in stock or made-to-order drives. 


Only Morse offers all 4 of 
these basic power trans- 
mission drives: Roller Chain, 
Silent Chain, Hy-Vo Drives, 
and “Timing” Belts. Your 
Morse distributor has no 
ax to grind in favor of one 
or two types of drives—he 
gives you a truly impartial 
analysis of your power trans- 
mission problems. Call him 
today! 


Whether or not you already use timing belts, it will pay you to get all 
the facts on Morse ‘“Timing”’ Belts from your local Morse distributor. You'll 
find him listed in the Yellow Pages under “Power Transmission,”’ or write 
MORSE CHAIN COMPANY, DEPT. 4-107, ITHACA, NEW YORK 
Export Sales: Borg-Warner International, Chicago 3, Illinois 








IN POWER TRANSMISSION 


THE TOUGH JOBS COME TO 


. 
eeeeeeeeeeeeeeeeee 
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“design it better— 


make it better’ 


is the Borg-Warner creed that compels progress 


ATKINS SAW—aoll types of hond, crosscut, circulor and bond 
sows, hacksow biades, chainsaw chains. 

BJ SERVICE, INC.—for oil field services. 

BORG & BECK —for automotive clutches and torque converters. 
B-W ACCEPTANCE CORP.—for the wholesale and retail fin- 
ancing of Norge and York products. 

BORG-WARNER INTERNATIONAL —for export service. 
BORG-WARNER, LTD.—for timing, silent and roller chains ond 
sprockets. 

BORG-WARNER SERVICE PARTS—for national distribution of 
replacement automotive parts. 

BUILDER SALES—for “package” sales of appliances, home equip- 
ment and building materials. 

BYRON JACKSON—for agricultural and industrial centrifugal 
and turbine pumps, nuclear pumps, oil field products ond services, 
electronic instruments. 

CALUMET STEEL—for steel fence posts, structural steel tubing, 
reinforcing bars, steel shapes, channels, angles, bars. 

FRANKLIN STEEL—for steel! fence posts, reinforcing bors, mer- 
chant bars (rounds, flats, angles, special sections). 

INGERSOLL CONDITIONED AIR—for forced warm air furnaces, 
central air conditioners, water heaters, incinerators. 

INGERSOLL HUMPHRYES— for enameled cast iron and steel 
bathroom fixtures, and vitreous china water closets and lavatories. 
INGERSOLL KALAMAZOO—for amphibious landing vehicles, 
guided missile boosters, materials handling equipment. 
INGERSOLL PRODUCTS—for plow and harrow discs, farm imple- 
ment parts, automotive stampings, washing machine tubs, porcelain 
enameled steel! sinks and bathtubs, roof deck, cranes and hoists, 
electric furnace carbon and alloy steel piate. 

INGERSOLL STEEL—for special purpose steels, forging quality 
ingots, automotive clutch discs, tillage discs, hand shovels. 

LONG MANUFACTURING—for torque converters, radiators, 
clutches, oil coolers. 


a 
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LONG MANUFACTURING CO., LTD.—for automotive clutches, 
radiators, oil coolers. 

MARBON CHEMICAL—for rubber-to-metal adhesives, synthetic 
and high impact thermoplastic resins. 

MARVEL-SCHEBLER PRODUCTS—for automatic transmissions, 
nuclear manipulators, carburetors, power brakes. 

MECHANICS UNIVERSAL JOINT—for roller bearing universal 
joints and propeller shafts. 

MORSE CHAIN CO.—for timing, silent and roller chains and 
sprockets, flexible couplings, speed reducers, free wheeling and 
indexing clutches. 

MORSE CHAIN OF CANADA, LTD.—for automotive timing 
chains ond sprockets, industrial and agricultural chains. 
NORGE—for household appliances. 

PESCO PRODUCTS—for aircraft hydraulic and fuel pumps, agri- 
cultural and industrial hydraulic pumps, valves, electric motors. 
PRIMOR PRODUCTS—for domestic central air conditioning systems. 
REFLECTAL CORP.—for aluminum foil reflective insulation. 
ROCKFORD CLUTCH—for automotive, industrial and agricultural 
clutches, power take-offs, gear reduction units. 

SPRING—for torque converter ports, sprag type clutches, auto- 
matic transmission parts, precision springs. 

WARNER AUTOMOTIVE PARTS—for automotive replacement 
parts, agricultural and industrial gear boxes, automotive and 
industrial gears, complete power train assemblies. 

WARNER GEAR—for automotive transmissions, Overdrive and 
free wheeling units. 

WARNER GEAR CO., LTD.—for automotive synchronizer units. 
WESTON HYDRAULICS, LTD.—for precision hydraulic and pnev- 
matic equipment for aircraft and guided missiles. 
WOOSTER—for aircraft hydraulic pumps, fuel pumps, electric- 
driven accessories. 

YORK —for domestic, commercial and industrial air conditioning 
equipment. 

YORK SHIPLEY, LTD.—for air conditioning and related equipment. 


BORG-WARNER CORPORATION 


PRODUCTION 
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THE VILTER MANUFACTURING COMPANY REPORTS: 


To ensure top efficiency, we use V-belts 
reinforced with DACRON on our compressor drives 


In keeping with its reputation as a leading manufacturer of today’s demand for more compact, more economical belt drives, 
refrigeration and air conditioning equipment, The Vilter Man- 
ufacturing Company of Milwaukee specifies V-belts reinforced 
with “Dacron” for“Freon”** and ammonia compressor drives. 
These belts, manufactured with Du Pont “Dacron” by Durkee- 
Atwood, are easy to match . . . pull evenly and efficiently. 


For the next drive you design or install, consider the ad- 
vantages of premium V-belts made with “Dacron” polyester 
fiber made by Du Pont and the high skills of leading manu- 
facturers who make the belts. E. I. du Pont de Nemours & Co. 
(Inc.), Textile Fibers Department, Wilmington 98, Delaware. 

V-belts reinforced with “Dacron” give up to 40% more *“Dacron” is Du Pont 
horsepower from belt drives than is possible with other rein- a ee 
forcing fibers. The ability of these belts to withstand greater 
shock loads, coupled with their longer flex life, results in re- 
markable durability. They stretch less and are more stable than 
other belts . . . require far less maintenance. And design men 


Ris S. Pat. off 


find they can use fewer and smaller belts and sheaves, meeting BETTER THINGS FOR BETTER LIVIA 


V-BELTS OF “DACRON” transmit more horsepower ... stand greater shock loads... give longer flex life... 
give greater opportunities for machine-design improvement. 
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ow pre-integrated LINK-BELT 
make your design 


Link-Belt maintains unequalled facilities for design and development of power transmission equipment 


MALLEABLE IRON, PROMAL, STEEL 
CHAINS - Complete line of cast, 
combination, forged and fabricated 
chains plus matching sprockets 


CHAINS AND SPROCKETS 


SILENT CHAIN DRIVES — Ideal for 
large or small hp, large ratios, high 
speed and limited space. Maintain 
better than 98 efficiency. 


PRECISION STEEL ROLLER CHAIN — 
For drives and conveyors, available 
in single or multiple widths, in 44” to 
3” pitch and 1” to 3” double pitch 
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ower transmission products 


HATEVER the need—a single compo- 
Wie or a completely engineered 
drive—Link-Belt is your one-source head- 
quarters for all power transmission equip- 
ment and engineering service 

Link-Belt standards of quality are built 
into every component service-proved 
designs offering longer life at lower costs 
What's more, integrated design assures 
correct mating of all components for 
smooth-working efliciency—with 
ments under- or 








no ele- 
over-rated 

This one-source convenience also sim- 
plifies your purchasing—insures fast 
livery and dependable service . . . popular 
stock, For complete in- 
formation and literature on any Link-Belt 
power transmission or materials handling 
product, contact your nearest Link-Belt 
office. 


de- 


sizes carried in 





OTHER PRODUCTS 


Link-Belt 
ing fric 
capacity; 
pines; cut and 


collars in 


the follow 
high-torque 
and fluid 
tooth gears; shaft 
split malleable iron 
fops to automatical- 
movement of con 
iron and 


manufactures 
with 


also 
for cluicnes 


flexible, rigid cou 
cast 
solid of 

and steel types 
ly prevent backward 


and 


mack 


elevators 
pulleys 


INK: © -BEL 
Nad 
POWER TRANSMISSION MACHINERY 


LINK-BELT COMPANY: Executive Offices, Dept 
PEDD-1057, Prudential Plaza, Chicago |! 
To Serve Industry There Are Link-Belt 
Plants, Sales Offices, Stock Carrying Factory 
Branch Stores and Distributors in All Prin 
cipal Cities. Export Office: New York 7 
Canada, Scarboro (Toronto 13); Australia, 
Marrickville (Sydney), N.S.W.; South 
Africa, Springs. Representatives Throughout 

the World 4.695 


veyors gray 


welded steel 











BALL BEARINGS are self-aligning, in- 
sure long life. In popular shaft sizes 

pillow blocks, flange, flange-cartridge, of 
cartridge and takeup units 


Product Engineering — Mid-October, 1957 


GEARMOTORS maintain align 
ment with flange-mounted 
NEMA motors. Compact, quiet, 
oil-tight. Sizes to 30 hp, ratios 
to 292:1. 


bracket- 
NEMA 
hp, 


MOTOGEARS permit 
mounting of foot-type 
motors. (¢ 


ratios to 292:1 


apacities to OU 


PARALLEL SHAFT GEAR DRIVES 

For high-capacity, 
shock loads 
2000 hp, ratios to over 


heavy 
Capacities to ove 
30:1 


= 4 


ROLLER BEARINGS are self-aligning 
and easy to install 
pillow blocks, 
tridge, cartridge and hanger units. 


a complete line 
flange, flange-car- 


hie z 


IN-LINE HELICAL GEAR 


Speed reductions 


DRIVES 


( 


P.L.V. V 
Steple 


ARIABLE SPEED DRIVES 


Rett — — 


WORM GEAR DRIVES 
| , 


high reduction and right 


c es at mod 


put ad 
put speeds Ra 


BABBITTED AND BRONZE BEARINGS — 
Pillow blocks and flange units are 
available in 15 different and 
standard shaft from 42” to 8” 


types 


sizes 


d 





ELECTRO CLUTCHES 











OUTPUT SHAFT 











1 COUNTER SHAFT 








INPUT SHAFT 














A typical 6-speed transmission box. This transmission uses three single and one double Electro Clutch. The lower shaft is the 
input shaft, and three clutches (one single and one double) are mounted on this shaft. The three free-running gears of the three clutches 
mesh with three gears on the countershaft. The countershaft can now be given any one of three different speeds, depending on which 
of the three clutches is engaged. The output shaft, on top, is equipped with two single clutches, the free running gears of which mesh 
with two fixed gears on the countershaft. The output shaft can now be given two different speeds to any one of the three countershaft 
speeds, or a total of six different speeds 


INSTANT SPEED AND FEED CHANGES 


Operates under oily conditions, needs no adjustment or upkeep 


Step up machine tool productivity. I-T-I 
Electro Clutches permit instant speed or feed 
changes without stopping the machine or 
manually changing gears, chains, cams or belts. 
Any of a variety of actuating devices—push 
buttons, limit switches, relays—may be used. 
A simplified, completely electric control 
system directly actuates the Electro Clutch with- 
out any intermediate auxiliary devices. No 
mechanical connections required 


I-T-E Electro Clutches are being used by a 
growing number of prominent machine tool 
manufacturers. They're available in torque rat- 
ings from 3.2 Ib. ft. to 13,000 Ib. ft. Diameters 
from 2.36 in. to 15.75 in., with corresponding 
lengths from 0.810 in. to 4.75 in. for the com- 
plete clutch. For detailed information, write 
I-T-E Circuit Breaker Company, Transformer 
& Rectifier Division, 19th & Hamilton Sts., 
Type H—Internal drive, showing unit construction. Phila. 30, Pa. 
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Single clutch equipped on a brake. No slip ring is supplied, Standard double—Gear drive with double Electro Clutch, show- 
but terminal is provided for the coil and user’s connections ing unit construction 





SUP RING- 


MAGNET 
BODY 


MAGNET — 
CcoiL 


ORIVING 


SHAFT DRIVEN 


LONGITUDINAL 


SNAP 
MAGNETIC ~ : i RING 
mArH t +=- ARMATURE 
TRAVEL 


NNER 
LAMINATION 








sl ail 





Principle of operation. Alternate laminations key with perim- Type C—External drive, showing 
eter lugs and splined shaft respectively. Laminations rotate freely unit construction. 

until magnet coil is energized. Magnetic flux compresses the lami- 

nations with great force, engaging clutch. 


I-T-E CIRCUIT BREAKER COMPANY : Transformer and Rectifier Division 
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FLEXIBLE SHAFTING 


ENABLES YOU TO TRANSFER POWER OVER, UNDER, AND AROUND 
OBSTACLES ECONOMICALLY AND EFFICIENTLY 


Circle Ess Flexible Shafts offer economical 
construction and low maintenance costs for 
remote control applications. Many manu- 
facturers reduced expenditures, and saved 
space by using flexible shafting to elim- 
inate alignment problems and ALL gear- 
ing. For complete information about Circle 
Ess Flexible Shaft assemblies and our 
Adapters used with Flexible Shafts write to 
us on your letterhead. 


H TYPE ADAPTER 


This adapter provides 
three outlets, which en 
ables the running of 
three units from the 
same power source. Ball 
bearing construction 
enables this adapter to 
handle heavy loads 


RIGHT ANGLE 
ADAPTER 

To provide a connec- 
tion for flexible shaft 
control where space 
limitations do not per 
mit a conjunction with 
out bending the shaft 
into too small a ra 
dius 


DUAL DRIVE 
ADAPTER 

To drive more than one 
unit from the same 
power source and to 
provide two gear ratios 
from the same power 
source 


BALL BEARING 
RIGHT ANGLE 
ADAPTER 


To provide a connec 
tion for flexible shaft 
control where a bend 
sharp enough to dam- 
age the shaft is re- 
quired. Ball bearing 
construction enables 
the handling of heavier 
loads 


Ask for Bulletin 400D 


WEST COAST PLANT: 1638 So. Flower Street, LOS ANGELES 15, CALIFORNIA. 
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THE FALK CORPORATION e¢ MILWAUKEE 1, WISCONSIN 


Manufacturers of a Complete Line of Quality Gear Drives and Flexible Shaft Couplings for Industry 


Representatives and Distributors in most principal cities 


Falk Standard Gear Drives 


The helical and spiral bevel gears used in Falk gear drives assure highest 
attainable mechanical efficiency — 982% per gear train under full load. 


ALL-MOTOR MOTOREDUCERS Package drives up to 75 hp capacity. 


! A Falk All-Motor unit may be used with any 
alo se 


standard foot-mounted motor within the 
SHAFT MOUNTED DRIVES Up to 40 hp. 


rated capacity of the gear unit. Standard 
output speeds from 1.2 to 520 rpm (with 
1750 rpm motors); ratios as high as 54,000: 
in semi-standard designs. All-steel construc- 
tion. Integral units also available in the 
range from | to 40 hp. 
Ask for Bulletin 3100. 

Horizontal or Vertical Units 

V-belt or chain connected to prime mover. Single and 
double reduction all-steel units in seven sizes provide 
choice of wide range of output speeds between 420 
and 5 rpm. Maximum torque rating at low speed 
shaft: 31,000 Ib-in. 

Ask for Bulletin 7100. 


Falk Flexible Shaft Couplings 
protect the machines they connect. 


STEELFLEX COUPLINGS 


a> 


34 sizes covering a hp 
range from '/ through 
72,000 hp at 100 rpm 
Torsionally resilient 
grid-groove design 
cushions impact and 
starting loads as much 
as 30% and accom 
modates reasonable 
degrees of shaft mis 
alignment which may 
occur between regular 
inspections. 


Oy 
BASIC TYPE F for 
9 out of 10 applica- 
tions, horizontal or 
Also dual- 
purpose designs for 
torque control, brake 
wheel service, pi- 
loted shafts, etc. 





vertical. 





Ask for Bulletin 4100 


AIRFLEX COUPLINGS 


15 sizes covering a 
range from 5 through 
2400 hp at 100 rpm 
Ideal for applications 
which have irregular 
torque characteristics 
in driving or driven ma- 
chines (internal com- 
bustion engines, com- 
pressors, etc.). 

Ask for Bulletin 8100 





SMALL SPEED REDUCERS = up to 138 hp. 
- <4 Concentric Shaft Ratios from 1.5:1 to 
969:1. Max. torque rating at low speed 


shaft: 53,000 Ib-in. Right Angle > 
Ratios from 5:1 to 1459:1. Max. torque rat- 
ing at low speed shaft: 73,000 Ib-in. 


Ask for Bulletin 1105. 


Designed for mount- 
ing shaft-to-shaft 
shaft-to-flywheel, or 
shaft-to-flange 


FALK SINGLE HELICAL 
AND HERRINGBONE GEARS 


Designed for any indus- 
trial application. Falk 
exclusive full-depth tooth 
form provides greater 
load-carrying capacity. 
AGMA ratings. 





LARGE SPEED REDUCERS 


Up to 3500 hp. 


Parallel Shaft Right Angle Horizontal Right Angle Vertical ee 


Hub Gears 





Up to 3500 hp. Ratio 
range: from 2:1 to 300:1. 
Max. catalog torque rat- 
ing at low speed shaft: 
1,950,000 Ib-in. 

Bulletin 1110B. 


Up to 1000 hp. Ratio 
range from 1.5:1 to 515:1. 
Max. catalog torque rai- 
ing at low speed shaft: 
569,000 Ib-in. 


Bulletin 2105A. 


Up to 760 hp. Ratio range 
from 6:1 to 430:1. Max. 
catalog torque rating at 
low speed shaft: 714,000 
Ib-in. (Shafts up or down.) 
Bulletin 21108. 





HIGH SPEED DRIVES Reducers and increasers. 


< Up to 225 hp. 
Maximum rpm — approx. 4500. 
Bulletin 1106. 


Up to 5000 hp. p> 
Maximum rpm — approx. 9000. 
Bulletin 5105. 








Special 
GEAR DRIVES 


for any application. 


Special 


HIGH SPEED DRIVES 


- +. over 50,000 rpm. 
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Marine 


PROPULSION DRIVES 


turbine and diesel driven 


Diameters up to 18 ft. 
Face Widths up to 6 ft. 


Diametral Pitch — 
¥, to 6 dp. 


Hub or ring gears in 
solid or split designs. 


Ask for Engineering Ring Gears 


Reports 6170 &6171. 


FALK 


.a good name in industry 


—r 


Mill Pinions 





National Torque Converters are manufactured 


with or without integral cooling systems 


. 
’ 


NATIONA 


TORQUE CONVERTER 


Plan now to DPIESIG 


with National Torque Converters 


The simplicity of design of National 
Single-Stage Torque Converters per- 
mits exact matching of torque con- 
verter to prime movers of 100 to 
1000 horsepower. Installation is 
simple and easy on stationary as well 
as mobile equipment. When matched 
to your prime mover, the National 
Torque Converter assures uniform 
top performance on every job. It will 
give your equipment a constant flow 
of smooth, steady power over a wide 


range of loads. It permits quicker 


starting and faster acceleration of 
loads, with no lugging or stalling of 
the prime mover. The torque con- 
verter absorbs the shock of sudden 
overloads, permitting the prime 
mover to operate at all times at 
governed or optimum speed 

Our engineers will gladly discuss 
the application of National Torque 
Converters to your equipment and 
help you select exact size and torque 
capacity. Why not call on them? Or 
write for Bulletin No. 468. 


THE NATIONAL SUPPLY COMPANY 
INDUSTRIAL PRODUCTS DIVISION 
Two Gateway Center, Pittsburgh 22, Pa. 


Pace-setters in the progress of 


industrial power transmission 


Consider these 
National Torque Converter 
features 
® SIMPLICITY OF DESIGN for ease of 


installation, operation and maintenance 


FULL RANGE OF CIRCUIT SIZES per- 
mits exact matching to prime movers of 
100 to 1000 horsepower 


TOP PERFORMANCE enables engine or 
motor to operate at its optimum speed 

. deliver maximum horsepower 
constantly 


REPRODUCIBLE EFFICIENCY assures 
uniform top performance on every job 


FASTER JOB CYCLES means more loads 
per equipment per operator per day 


UNSURPASSED DURABILITY provides 
longer service life with minimum main- 
tenance 


Typical 
performance curves 





PERFORMANCE OF NATIONAL | 
£275 100 TORQUE CONVERTER 


HED RATIO 


Curve shows torque-speed ratio for series 
B-275-100 National Torque Converter. Per 
formance Curves of all six sizes and 17 hy 
draulic circuits covering the 100 to 1000 
horsepower range are available on request. 


National Torque Converter 
Capacity Chart 


IN HORSEPOWER 


CAPACITY 
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Transmit Motion This Positive Low Cost Way! 


TOUREK “STANDARD” BALL JOINTS 


TYPE “A” BALL JOINT 


Non adjustable spring type with 
a light pre-set tension. The shell 
is spun over the top cap bearing 
and a spring applies the tension 
of bearings against ball screw. 
This Ball Joint is used univer- 
sally in hundreds of applications 
where excessive pressures would 
not be applied against the top 
cap. 


TYPE “B” BALL JOINT 


This is an adjustable spring type 
Ball Joint with cap bearing 
slotted one way. The threaded 
top bearing is assembled to 
maintain light tension against 
the bottom bearing and spring. 
A cotter pin is used to maintain 
proper adjustment. This type 
Ball Joint is ideal for applica- 
tions requiring take up of wear. 


TYPE “C” BALL JOINT 


The type “‘C”’ Ball Joint is a 
positive adjustable type. It has 
no spring tension. The shell is 
cross drilled five ways. The fine 
pitch thread top bearing is in- 
serted and locked by a cotter 
pin to provide desired free move- 
ment. Construction and adjust- 
ment features of this Ball Joint 
make it an outstanding number 
in the TOUREK line. 


Tourek oe 


BALL JOINTS 
The Recognized "STANDARD" cea 


World's largest manufacturer of “STANDARD” Ball Joints. Also 
makers of Pipe Plugs and quality Screw Machine Products. Range: 
up to 2%" diameter single and multiple spindle machines. Oper- 
ations include: Threading * Tapping @ Milling © Drilling e 
Grinding ¢* Polishing © Plating © Heat Treating ¢ Silver 
Soldering. 
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TYPE “EC” BALL JOINT 


TYPE “F” 


Ball socket is located in same 
unit as cross drilled hole, giving 
added wall thickness. Ball stud 
with short neck allows more 
than 250 Ibs. force against this 
unit. Swivel construction is 
assembled with a grease resist- 
ant neoprene washer to cushion 
movement and maintain proper 
tension. A spring clip allows 
rapid adjustment over great 
length. Stocked for rod sizes 14" 
and ae 


BALL JOINT 


Low cost, trouble free unit 
readily adapted to various rod 
or shell sizes. Non adjustable 
type permitting 15° movement 
in any direction. No retaining 
devices needed. The type ‘“‘F"’ 
should be applied where the 
higher cost of adjustable Ball 
Joints makes it necessary to 
substitute clevises, trunions, 
bent rods or other less effective 
ways to transmit motion. 


NEW SLIP-ON BALL JOINT 


r---- 


ESTAB. 


Gentlemen: 


Name 


For quick assembly in ‘‘hard-to- 
get-at places’’. Slight retraction 
of outer shell exposes socket for 
quick insertion or withdrawal 
of ball. There are four com- 
ponent parts. 1. Shell 2. Outer 
housing 3. Spring 4. Ball Screw. 
This design completely houses 
compression spring and retains 
ball screw in its machined 
socket. Cotter pins, clips, or 
other retaining devices are 
eliminated. 


1920 


J.J. TOUREK MANUFACTURING COMPANY 


1901 SOUTH KILBOURN AVENUE, CHICAGO 23, ILLINOIS 


Please mail to me at once, complete information and 
prices on TOUREK “STANDARD” Ball Joints, Rods and Linkages. 





Compony 





Address 








City 








“TRUCKING ... Vital Transportation Link | 
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FULLER 8-Speed ROADRANGER’ 
eliminates Yule’s transmission problems 


“Fuller ROADRANGERS have elimi- 


nated all our transmission problems,” 


says V. H. Martell, President of Yule 


Truck Lines, Inc., Milwaukee, Wis- 
consin. “We get the kind of gearing 
we need to take us through any kind 
of traffic and road condition. After 
continuous testing under every con- 
ceivable condition, the Fuller 8-speed 
semi-automatic ROADRANGER Trans- 
mission thoroughly proved itself. Our 
drivers say: “This is it!’ and they 
wouldn’t have anything else.” 
“And,” adds E. A. Jenkins, Gen- 
eral Manager—Operations: “We will 


have ROADRANGERS in our future 
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units for sure. For our operation, 
ROADRANGER Transmissions, cab- 
over-engine tractors and big engines 
are the answer. Our maintenance su- 
perintendent credits the Fuller Roap- 
RANGER Transmission with increased 
efficiency and with decreased main- 
tenance cost.”’ 

Yule’s latest fleet additions include 
15 International C.O.E. Tractors, all 
equipped with Fuller 8-speed Roap- 
RANGER Transmissions. The same 
outstanding ROADRANGER advan- 
tages . . . low maintenance cost- 
easier, quicker shifts—higher average 


road speeds—greater fuel economy 


38% steps between ratios keep en- 
gines operating in the high rpm range 
less driver fatigue—space-and- 
weight saving economies . . . can be 
applied to yeur operation. 
For complete details on Fuller 
ROADRANGERS, see your truck manu- 


facturer or truck dealer, now! 


FULLER MANUFACTURING COMPANY 
TRANSMISSION DIVISION * KALAMAZOO, MICH. 


Unit Drop Forge Div. Milwaukee 1, Wis. + Shuler Axle Co., Louisville, 
Ky. (Subsidiary) + Sales & Service, All Products, West. Dist. Branch 
Gakland 6, Cal. and Southwest. Dist. Office, Tulsa 3, Okla 
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RESILIENT CLUTCH FACINGS 


for wet or dry applications 

in machine tools, automotive 
products, office and 
household appliances 


Part of Armstrong clutch testing equipment which eval 
changes in friction compounds ent pr 


Whether you make typewriters or diesel t1 
chine tools, or automotive products, ther 
that Armstrong can supply resilient 
match your requirements perfectly 

The se versatile compounds have a br 
characteristics which makes possible wide lat 
sign, Where unusual frictional properties are « 
quently possible to “tailor-make” a material 
specific need. 

Development work on compounding goes hand 





dynamometer testing in the Armstrong Research 
ment Center. This work, combined with field testing 











to a minimum the experimental time and exper 
in selecting a clutch facing for a new or modifi 

If you have a problem involving friction ma 
us the details. We'll be glad to suggest an rmstrong tacing I 
vour evaluation. Write Armstrong Cork Compa ndustrial Diy 
sion, 7257 Irvin St., Lancaster, Pennsy! 


1. Clutch plate for industrial sewing machine. 2. Reverse drive for garden tra 
tor. 3. Direct drive clutch plate for truck. 4. Clutch plate for automatic washing 
machine. 5, Cone clutch for drill or tapper. 6. Pulley clutch. 7. Clutch plate 
for motorcycle. 8. Band clutch for washing machine 


Armstrong RESILIENT FRICTION MATERIALS 


~-. used wherever performance counts 
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-oif your problem involves 


applying or connecting power 


to driven equipment... 


. . it pays fe 
sively in correct! 


ment. Since 191 


and built Friction an 
se of this spe 


Becau . 
d recommendat! 


unbiase 
drive—fri 


industrial e 


Fluid Couplings — 
Small aluminum 
.45 to 10.6. 


Large stamped - steel 


type, 7 
type, 12.2 to 27. 
Ranges from % to 
850 hp for motors or internal com- 


bustion engines. Bulletin 144-D. 


PO Air-Actuated 

Clutches — Spe- 

cially designed 

for operation at 

higher speeds 

with less inertia and greater efficie ncy, 
Model PO is offered in sizes through 
36” (up to 126,600 Ibs. ft. slippage 
capacity). Bulletin 304-A, 


Friction Power 


/ 

~ Take-Offs— 

~ “ Triple-plate 

/ 4 84" toe 21" 

double - plate 
iia 11.5” 


te 24" : 
single-plate 6.5” to 24”. Housing 
sizes SAE No. 6 to 00. ¢ apacities to 
600 hp. Air-operated models avail- 


able. Bulletin 308 and Supplement. 
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consult a compan 
y linking horse 
8, Twin Disc spec 
d Fluid Drives for 
jalization, TW! 
ons regarding . 


tion or fluid—for almost any ty 
c 


quipment— used i 


y that specializes exclu- 


driven equip- 


. to 
pe wer gned 


ialists have desi 
just that purpose: 

n Dise can make 
he proper type 
pe heavy-duty 


n any type application. 


MOS, MOD, MTS, MTU Multiple 
Plate Clutches MOS, MOD oil- 
actuated for remote control without 
mechanical linkage. MTS, MTU 
(both oil and dry types) mechani- 
cally actuated. Single and duplex. 
4 to 44 hp per 100 
rpm. Bulletins 306 and 134-B, 


Sizes 3” to 12” 


Models CL, E, EH Clutches—Models 
E and EH in sizes 14” to 36”, capac- 
ities 13.5 to 350 hp per 100 rpm. 
Model CL in sizes 5.5” to 11.5”, 1.5 
to 19.5 hp per 100 rpm. Bulletins 
108-F and 120-D. 


Fluid Power Take- 
Offs —Incorporate 
Fluid Coupling. 
For all types in- # 
ternal combustion 
engines. Models 
14.5, 17.5 and 21. 
Bulletin 144-D. 


HYDRO-SHEAVE® 
Drives - 
plete, ready-to- 


-Com- 


install, fluid power 
transmission pack- 
age for both motors and engines. 
Protects both driving and driven 
equipment. Capacities from 4 


50 hp. Bulletin 145-C, 


4 to 


Marine Gears— 

Sizes, capacities 

and reduction ra- 4 

tios for engines from 40 to 340 hp 
—600 to 2500 rpm range. Fluid 
Coupling or Rubber Block Drive 


available. 


Three-Stage and Single-Stage 
Torque Converters— Three-stage in 5 
Series to 1000 hp, with 33 specific 
torque ratings. Single-stage in 2 Series 
to 212 hp, each with 5 specific torque 
ratings. Wide variety of input-output 
arrangements for all power units and 
industrial applications. Bulletin 135-E 
and 508 and Supplement. 
. 

Today, Twin Disc is the world's 
largest exclusive manufacturer of a 
complete line of Friction and Fluid 
Drives for industrial powered equip- 
ment. If you have a problem, consult 
Twin Disc Clutch Company, Racine, 
Wisconsin, Hydraulic Division, Rock- 
ford, Illinois. 
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ACTUATION PROBLEM too tough for ordinary devices? 


SAGINAW CAN HELP YOU SOLVE IT! 


Saginaw b/b Screws 
guaranteed 90% efficient 
—offer 6 major ad- 
vantages for designers 


Available in custom machined and commercial 
rolled thread types — have been built from 11 
inches to 391 feet long— ¥% to 10 inches diameter. 


Nut glides on steel! balls. Like stripes on 
a barber pole, the balls travel toward 
end of nut through spiral “tunnel” 
formed by concave threads in both 
screw and mating nut. 


At end of trip, one or more tubular 
guides lead balls diagonally back 
across outside of nut to starting point, 
forming closed circuit through which 
balls recirculote. 


y VITAL POWER SAVINGS. With 
gvoronteed efficiency of 90%, Sag 
inow b/b Screws cre up to 5 times as 
efficient as Acme screws, requ 


4 TEMPERATURE TOLERANCE. Nor- 
mal operating ronge is from —75° to 
+275° F., but assemblies have been de- 
signed in selected materials which function 
@s much torque. This permits much smaller as high as +900° F. These units 
motors with for less drain cre practical where hydraulic fluids hove 


system. Circuitry is greatly simplified lost or reached their flash point. 
SPACE/WEIGHT REDUCTION. Soo 5 LUBRICATION LATITUDE. Even if 
2 inaw b/b Screws permit use . brication fails or connot originally 
motors and gecr boxes mps ee of extreme tempero- 
occumulators and piping required by hy problems, Saginaw b/b 
draulics. In addition, Saginaw b/b Screw operate with remarkable 
themselves cre smaller and lighter. Units gine ms hove been de- 
hove been engineered from 1'/2 in. te , orn qualified for operation 
392 ft. in length . ny Wereenen 
FAIL~SAFE PERFORMANCE. For less 
PRECISE POSITIONING. Mochine vulnerable than hydraulics. In addi- 
ground Soginow b /b Screws offer o tion, Soginow offers three significant ad- 
grect advantage over hydraulics or pne vont ther mokes: (1) Gothic 
motics because ao component can be posi ves eliminate dirt sensitivity, in- 
tioned cot co predetermined point with (2) yoke deflectors and 
precision Tolerances on position cre held (3) multiple circuits provide odded assur- 
within .0006 in./ft. of trovel. ance against operating failure. 


re only 
efficiently 
on the electrical 


efficiency 


of smaller 
vided becco 


be pr 
t ther 


res , 


eliminate p 


Saginow 


ges ver 


erch arc 
creose bo ite 


CLQULOLUU 


Screws 


e 
fine 
SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS >p ures 
WORLD'S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES 
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—————— 
YOUR FREE COPY OF THIS 
NEW b/b SCREW AND SPLINE 
“PROBLEM SOLVER’ SHOWS HOW 
36 pages crammed with time-, work-, and money- 
saving facts: Principles « Types « Basic Operations « 


Coupling Methods ¢« Efficiency « Advantages « 
Selection Factors « Design Data « Sample Problems 


SAGINAW 
b/b SPLINE 


@ Averages 0 times 
of 


ordi- 


lower coefficient 


friction than 


nary sliding splines! 


Utilizing the same basic gliding ball principle, Saginaw has 
developed the Saginaw b/b Spline which radically increases 
the efficiency of transmitting or restraining high torque loads. 


It can be fitted with integral gears, clutch dogs. bearing and 
sprocket seats, etc. Units have been built from 3 inches to 


10 feet long—*¢ to 6 inches in diameter. 


SEND TODAY FOR THIS FREE 
ENGINEERING DATA BOOK 
Saginaw Steering Gear Division ‘ a 


General Motors Corporation 
b/b Screw and Spline Operation 
Dept. 74, Saginaw, Michigan 


Please send new engineering data book on Saginaw b/b Screws and 
Splines to: 


NAME 
COMPANY 
ADDRESS 


CITY 





THE HILLIARD LINE oF Clutches and Couplings 
yy WEDGE-ROLL 


THE NEW OVER-RUNNING CLUTCH 
A new improved type of clutch designed for specific application where 
great torque capacity is needed in a limited space and for high speed 
operation. 
Has all the regular features of over-running clutches plus exception- 
ally low free wheeling resistance and balanced design to result in 
longer service life. The Wedge-Roll Clutch cannot jam or lock in 
reverse even after long wear. 
There are four clutch sizes ranging from 3-1/2” to 7-1/8" diameter and 
from 1.8 to 36 H.P. at 100 RPM. Additional sizes, both larger and 
smaller, are available on special order. 
Ask for the Wedge-Roll Bulletin. 


OVER-RUNNING 


USE: Dual drive, two speed drive or standby drive on boiler stokers, blowers, 
induced or forced draft fans, dry cleaning machines, ventilating fans and similar 
equipment 


Also for ratchet feed on presses or automatic back-stop on conveyors or to permit 
free rotation when the driver slows or stops 


SPECIFICATIONS 
Made in 7 types and 15 standard sizes plus special designs for 
specific installations. 
Smallest standard size—1-13/16" diameter x 1-25/64" shaft length. 
3/8” bore, 1/20 H.P. 100 r.p.m., 31.5 inch pounds torque normal 
rating. 
Largest standard size—25”" diameter x 16-7/8" shaft length 7-15/16” 
maximum bore, 394 H.P. 100 r.p.m. 20694 foot pounds torque normal 
rating. 
Ask for Bulletin 231 for comprehensive data. 


SINGLE REVOLUTION 


USE: Rivet machines, snap fastener machines, shears, staplers, bottling machinery 
cut-off mechanisms, indexing and feeding equipment, packaging processes or 
wherever controlled intermittent motion is necessary from a continuously rotating 
source of power 


SPECIFICATIONS 

Made in 2 types in 11 standard sizes plus special designs to suit 
particular applications. 
Smallest standard size—1-13/16" diameter x 1-13/16” shaft length, 
3/8” bore, 1/20 H.P. 100 r.pm. 2.6 foot pounds torque norma! rating, 
Speed up to 275 r.p.m. under certain conditions. Largest standard size— 
17-1/2" diameter x 17-5/8" shaft length, bore up to 4-15/16", 176 H.P. 

100 r.p.m.., 9240 foot pounds torque normal rating. Approximate 


maximum speed 65 r.p.m. Write for Bulletin 239 for further detailed 
information. 


CENTRIFUGAL 
AUTOMATIC CENTRIFUGAL CLUTCH COUPLING 

Improves starting conditions and provides smooth acceleration on 
drives for high inertia equipment; prevents excessive torque trans- 
mission during starting of textile machinery; prevents torsional reson- 
ance on internal combustion engine drives; provides automatic coupling 
on emergency and dual drive systems; provides overload protection and 
has exceptional ability to compensate for all types of misalignment. 
Operating mechanism requires no lubrication. 
Write for Bulletin CE-3 for additional information. 


SLIP 


USE: to protect speed reducers or gear trains against destructive overload, to 
reduce shock in door opening and closing mechanisms, as a safety feature where a 
machine is subject to jamming or to limit the torque of any drive 
Also to provide constant tension with varying speed as in a 


reeling or winding 
application 


SPECIFICATIONS 

Made in 15 types and 11 sizes. The torque transmission of all slip units 
is adjustable and some models can be adjusted while in operation. 
Smallest clutch (light series)}—2-3/8" diameter x 1-3/4” shaft length. 
1/2” or 5/8” bore, 9 foot pounds torque maximum capacity. Smallest 
clutch (regular series) 5-3/4" diameter x 4-3/4" shaft length, 3/4”, 1” 
or 1-1/4" bore, 38 foot pounds torque capacity. Largest clutch—27” 
diameter x 31-3/8" shaft length, bore up to 8” 24600 foot pounds 
torque capacity. 

For complete description, request a copy for Bulletin 300. 


HILLIARD CLUTCHES AND COUPLINGS ARE EXCELLENT FOR ALL CLASSES OF INDUSTRIAL MACHINERY 


ALL PRODUCTS OF THE HILLIARD CORPORATION ELmirA NEW YORK 
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The only Belt Drive that 
replaces in friction grip with 





ae +. eae 
. . . | > °.* — 
: eS, gh 3 
w® ‘ , Praae ‘ 


sr 


Gilme™ 


THE ORIGINAL 


“TIMING” BELT 


Power Transmission Drive 


Just look at all the money-saving advantages that stem 
directly from this unique “Timing”® Belt feature: 


There is no belt slippage or creep, therefore: 

e Constant angular velocity is transmitted; 

e Precision timing is maintained between shafts; 
e Practically 100% efficiency is obtained; 

e Belt and pulleys last much longer. 


No initial belt tension is required, therefore: 

e Belt’s rated horsepower is all working horsepower; 
e Bearing loads are minimized, and wear reduced; 

e Take-up adjustments are eliminated 


Less belt-pulley contact area is needed, therefore: 
e Drives can be more compact, take less space; 

e Smaller-diameter pulleys can be used; 

e Higher drive ratios are practical 


Additionally, the “Timing” Belt drive needs no lubrication. 
Rating for rating, its cost is usually the lowest...especially 
when you can take advantage of stock drives. 

A factory-trained Power Transmission Field Engineer will 
gladly help you adapt the “Timing” Belt’s many unique 
advantages to your product's drives—from “fleapower” to 
over 1,000 horsepower! 








J) Proving for 111 years that QUALITY COSTS LESS! 
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RUNNER 


DUAL SCOOP 


OUTPUT SHAFT | 


OIL FROM 
COOLER 


I ype VS 


speed Gvrol 


class-2, adjustable- 
Fluid 
packaged unit. Housing 


Drive —a 
acts as 


oil reservoir and enclosure for 


rotors, bearings, oil-circulating 


pump, scoop tubes. Circulating 


INNER CASING 


pump, mounted on input shaft, 


OUTER CASING supplies constant volume of 


oil for working circuit and for 


lubrication. Dual scoop tubes 


stepless speed 
! 


provide control 


for either rotation. 


Choose the exact fluid drive you need! 


Fluid 
drive in a 
Bulletin 
traction-type less 


14 to 200 hp; Bulletin 7419, 


Gyrol Drive 


Type IM 
Motor traction-ty pe 
single unit; | to 20 hp 
8519. Type I 


motor 


Iype VS, class 1 Gyrol Fluid Drive 


an adjustable-speed drive for 
fans COMpressors and pumps el 
100 to 2.500 hp; speeds up to 1,800 


rpm. Ask for Bulletin 9319 


QUALITY PROTECTS YOUR INVESTMENT . 
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L ype VS, class-2 idjustable 


speed Gyrol Flui Drive. Speed 
range > to l len sizes ] 
through 800 hp; speeds 


Request 


up to 
1800) rpm Sulletin 


4-119 


Type VS 
Drive 


for boiler-feed 


class-6 Grol Fluid 
adjustable speed drive 
pumps com 
pressors, other high-speed ap 
200-12.000 hp; to 
Bulletin 8019 


plications 


3,600 rpm. 


American Blower offers you a complete line 
of Gyrol Fluid Drives —including the new 
type VS, class-2, adjustable-speed model 


\pplication possibilities are unlimited with American 
Blower’s Gyrol Fluid Drive line! 

For example, the new Type VS, Class 2, adjustable- 
speed Gyrol Fluid Drive can be reversed while in 
adjustable 
changing the direction of rotation of the 
And you can use this compact, self-contained 
unit ina variety of arrangements of the driving motot 

The standard Gyrol Fluid Drive line includes con 
stant-speed and adjustable-speed units — up to 12,000 
You'll find there's a 
Gvrol Fluid Drive to fit practically any application. 

For fact-packed 
ing data, get in touch with your 


motion — at any operating speed — by 
merely 


motor! 


hp, and speeds to 3,600 rpm 


bulletins and complete engineer- 
nearest American 
Blower Branch Office or write us direct. Do it today! 
American Blower Division of American-Standard, 
Detroit 32, Michigan. In Canada: Canadian Sirocco 
products, Windsor, Ont. 


Amunican-Standard QUALITY IS AVAILABLE AT NO EXTRA COST! 
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BAUSH WORM GEARING 


fod ES 
FOR ALL INDUSTRIAL APPLICATI 


MADE TO YOUR SPECIFICATIONS! ! 
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Be sure you have the exact gear you want — 

a QUALITY GEAR made to your particular requirements 
~~ checked 100% for tooth contact, center distance 
and Rockwell Hardness — at the right price too!! 


MACHINE TOOL CO. 


SPRINGFIELD 7, MASSACHUSETTS 


BAUSH WORMS AND GEARS shown are a product of 
over 500 worm gear hobs we maintain at all times. 
Ranging from sets on 214” center to 28” center, they 
cover up to and including 2” circular pitch. 


YOUR SPECIFIC GEAR NEED CAN BE DESIGNED 1&2 — Lift Truck 12 & 13 — Hourglass Type Worm 


AROUND THESE HOBS ELIMINATING EXPENSIVE 3 — Bending Roll Drive & Wheel 
4&5 — For Multiple Spindle 14 & 15 — Lubrication Pump Drive 


TOOLING AND DELAY. Lathe 16 & 17 — Feed Drive-Automatic 
6&7 — Agitator Drive Machine 

> - 8, 9 & 10 — 2-Speed Lathe Reduction 4g g 19 — Cutter Drive-Keywaying 

Write for Catalog No. 12A of send us your prints — 11 — Mixing Machine Geor Machine 


there is no obligation. 
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FOR ENGINEERS 
TO EXPRESS 


i j hi | e 7 . - . 
Ny | <> 
e oy oe - a 4 -_ 
P F. 
THEY CHOOSE a 
/ 


GEAR MOTORS * SPEED REDUCERS ‘ 


Because engineers know they can depend on Janette to give \ 
the right speed at the right power in a wider variety of models 
with a larger choice of mounting positions, engineers make 
Janette their first choice. \ 
Since 1910, Janette has been designing longer lasting, easier \ 
to maintain gear motors and speed reducers. Whether the \ 
requirements are for horsepower from 1/150 to 7 or for one 
revolution every 5 hours to 450 R. P. M., Janette has the speed 
AIST Ne ee reducer and gear motor to do the job. 
DISTRIBUTORS IN ALL 


PRINCIPAL CITIES... For additional information send for 


Janette bulletin 5-105, P2. 
anette ELECTRIC MANUFACTURING CO. 


MORTON GROVE, ILLINOIS 











5 Gates Super Vulco Ropes 
do the work of 7 standard V-belts 


No other V-Belt has 
ALL these advantages 


1. Flex-Weave Cover (U.S. Pat. 2519590) 
Lf] A Gates exclusive provides 
Meeeew greater flexibility with far less 
j YW g t 
\A\\ \ \\ longer . . increases belt life 
/y L'y . more power available to 
driven machine 


stress on fabri Cover wears 


2. Concave Sidewalls (U.S. Pat. 1813698) 


Concave sides (Fig. 1) increase 

belt life. As belt bends, concave 
- * , 

sidewalls become straight, mak- 


ing uniform contact with sheave 


groove (Fig. 1-A). Uniform con- 
Vis. raf tact means less wear on sides 

of belt . . . far longer belt life. 
—_—_— 


3. Tough, resilient Tensile Cords 
mu Super strong resilient tensile 
cords provide 40% greater horse- 
power capacity .. . easily absorb 
heavy shock loads . . . reduce 
number of belts required 
save weight and space. 
4. High Electrical Conductivity . 
Built into Gates Super Vulco 
Ropes for safer drives (in ex- 


plosive atmospheres). 


5. Oil, Heat, Weather Resistant 


Special rubber compounds make 
Super Vulco Ropes highly re- 
sistant to heat, oil, and pro- 
Jonged exposure to weather. « 


fewer 
belts... 

















Cut sheave width and weight 

«+ design your drive to benefit from 

the greater HP capacity of Gates Super 
Vulco Ropes. 


5 Gates Super Vulco Ropes will do the work 
of 7 Standard V-Belts. A Super Vulco Rope Drive 
delivers more HP per dollar invested than any 
standard V-Belt drive. 

Sheaves with fewer grooves cost less ... 
weigh less . . . occupy less space. Your drive de- 
sign is improved. 

Helpful drive data is quickly available to 
you. Simply call your nearby Gates distributor for 
advice from a Gates V-Belt Specialist. Stocks 
carried in industrial centers throughout the world. 


t—~— 
The Gates Rubber Company || cores vistributors | 


ore mn the | 
Denver, Colorado | Yellow Pages } 


The Mark of Specialized Research 


ULCO 


Gates Super ROPE Wants 
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Here’s Proof! Veelos Adjustable V-Belts 
Stop Costly Vibration in Your Drives 


VIBRATION 
DANGER 
POINTS 


SHEAVES 


BEARINGS 


& Watch out for these danger points. Machine bra 
tion is caused by out-of-balance: in the motor, bearings 
clutch, sheaves or V-belts. Often it is in the V-belts alone 
[his deadly vibration results in excessive machine wear 
costly breakdown. But there’s no need to guess or worry 

your Manheim Veelos salesman can spot V-belt vibra 


tion in 15 minutes. 


re * 
EACH VEELOS LINK (IS IDENTICAL 
IN WEIGHT ANDO SIZE. 27, 
CMD 


a 


\ pense AREAS 
IN ENDLESS V-BELTS 
CAUSE VIBRATION... 

MACHINE WEAR. 


BEVELED LINKS, 
MACHINE CUT SIDES 
REOUCE VIBRATION, 
INCREASE FLEXIBILITY. 


3. Install Veelos for smoother drives! Balanced con 
struction of Veelos belts assures you faster, cleaner work 
less rejects—less bearing wear. Each Veelos link and stud 
is identical in size and weight. As you know, endless belts 
have varying spots of density which cause excess vibra 
tion. This excess vibration increases chatter marks, 


machine wear and overall poor production output 


4 TYPES FOR ALL DRIVES 


STROBE LIGHT 
PIN- POINTS 
CAUSE OF 
COSTLY ( YU) 


MEASURES VIBRATION 
DOWN TO 2 
MILLIONTHS 
OF AN INCH. 
COMPARES THE 
DIFFERENCE, 
YOUR ENDLESS 

YOU CAN SEE BELTS- AGAINST 
IT- MEASURE IT- VEELOs. 

ELIMINATE IT. 


VIBRATION. 


2. Veelos offers you electronic proof! Your Manheim 
Veelos salesman will prove that Veelos cuts V-belt vibra 
tion up to 89% more than any belts you're now using 
This amazing vibration analysis pin-points the belt that 
has the “invisible shakes” . and tells you exactly how 
much money-costing vibration 1 present You owe it to 


yourself and your company to see this Veelos V-belt test. 


See 


EASY TO INSTALL. 


MEASURE VEELOS 
i" PER FOOT SHORT 
AND FORCE ON 
DRIVE BY ROLLING. 
IT WON'T STRETCH. 


4. Veelos won’t stretch any more than any other V-belt, 
when correctly installed on properly belted drives. Re 
member to follow the simple instructions on every reel 

measure Veelos |” per foot short of pitch length and roll 
on drive as tightly as possible. When installed this way, 
tension may seem excessive. However, this initial tension 


drops to normal when drive begins to run 


(4 — 451 Qualified Distributors 


LINK V-BELT Write for free Veelos Data Book 
or Veelos Vibration Demonstration 
to: Manheim Mfg. & Belting Co. 


V;, Veeli : 
& percha 807 Stiegel St., Manheim, Pa. 


2 outside U.S.A, 
YA 


STATIC-CONDUCTING 
(with non-ferrous studs) 
For explosive atmosphere, 
oily and hot drives 


‘Industrial Belt 
Specialists since 1911”’ 


REGULAR Ol PROOF COATED 
For general For oily and For wet or 
service hot drives oily drives 


For all sizes and types of drives. Double-V available for serpentine drives. OM. M. & B. Co, 1957 
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Specialties, Inc. 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 





SPURS © SPIRALS * HELICALS © BEVELS © INTERNALS 
WORM GEARING * RACKS * THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
Oe ale Me el Bast ne 
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G.S. tangential cutting of Worm 
Gears produces a superior finish 
on the Gear teeth. Generating flats 
common to “‘in-fed’’ cut Worm 
Gears are eliminated 


Where maximum area of contact 
between Worm and Worm Gear is 
a requirement, tangential feeding 
is a must. This is especially appli- 
cable in the case of multiple thread 
worms with high lead angles 


Whether your needs call for me- 
dium-coarse or fine pitch ranges 
G.S. men, methods and machines 


can be depended upon to produce 
tangentially cut Worm Gears to 
consistently meet the most exact- 
ing specifications 


If more uniformly accurate Small 
Gearing in production runs is a 
consideration in your business, by 
all means, tell us about your needs 
now! The specialized skill and long 
experience of our competent engi- 
neers can lend you valuable aid 
Ideas, suggestions and cost esti- 
mates incur no obligation. Write or 
phone today 


G.S. technical data, free! See where and 
Shd) JK how we mass-manufacture Smal! Gearing 
** to uniformly fine tolerances. Folder con 


tains 23 pictures of Small Gears, plant view, as well as Diametral 


and Circular Pitch Tables 


stationery, please! 


Ask for your copy on company 


f/f Yeats of pecialiging in anal’ Geating/ 
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BEAVER 
BALL SCREWS 


PROVIDE THE ACCURATE 


POSITIONING ESSENTIAL FOR 


NUMERICAL CONTROL 


Beaver Precision ball lead screws 
on all three axes provide the basic 
measuring and actuating elements 
which simplify the design of this 
tape controlled milling machine. 

Beaver ball screws move table 
of this Bridgeport Mill in response 
to signals from the Electronic 
Control Systems, Inc. ‘“Digimatic” 
control and are typical of those 
now in use on numerically con- 
trolled machine tools of all types. 

If it’s numerically controlled, 
tape or card, it is more than likely 
equipped with Beaver ball screws. 
Our engineers are available to 
you for consultation — can we help 
you improve the design of your 
equipment? 


Deaver 
Drecision 
{ Droducts 


INC. 
CLAWSON, MICH. 











Catalogs 


and 


Bulletins 





To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(Q-1) Conveyor Chains—Bulletin 56- 
60, 24 pp. Contains diagrams and 
data on steel and nylon chains. Chain 
Belt Co., Milwaukee 1, Wis. 


(Q-2) Conveyor and Elevator Belts 
Catalog 25CB, 21 pp. Gives tension 
ratings for vulcanized and metal 
splices, minimum recommended pul- 
ley diameters and minimum belt width 
for good troughing. Also data on hot 
material belts for temperatures from 
150 to 350 F. Raybestos-Manhattan, 
Inc. Manhattan Rubber Div., Passaic, 
N. J. 


(Q-3) Right-Angle Bevel Gear Units 

Bulletin 57, 4 pp. Contains data and 
lists rated horsepower and speed for 
12 standard models. Airborne Acces- 
sories Corp., 1414 Chestnut Ave., 
Hillside, N. J. 


(Q-4) Grommet V-Belts—Bulletin 
20B6497C, 4 pp. Contains data on 
units. Allis-Chalmers Mfg. Co., S. 70 
St., Milwaukee 1, Wisc. 


(Q-5) Sheaves—Bulletin 20B8524, 4 
pp. Contains data on units designed 
for low horsepower applications. Allis- 
Chalmers Mfg. Co., S. 70 St., Mil- 
waukee, Wis. 


(Q-6) Gears and Pinions—Brochure, 
16 pp. Contains data and tables on 
rawhide, laminated phenolic and spe- 
cial gears. Chicago Rawhide Mfg. 
Co., 1301 Elston Ave., Chicago 22, 
Ill. 


(Q-7) Shear Pin Sprockets—Folder 
2749, 4 pp. Contains chart and data 
on units for roller chains. Link-Belt 
Co., Prudential Plaza, Chicago 1, III 
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No Commutators, No Rings, No Brushes, 
No Rotating Coils—in the NEW 


~___ @ 
YNAMATIL 


Adjustable Speed Drives 


: stationary field couplings are the simplest drives so 
far devised to provide infinitely adjustable speed from an alter- 
nating current source. The absence of rotating coils, brushes, slip 
rings, and commutators in this design holds wear and main- 
tenance to an absolute minimum. Dynamatic electronic or mag- 
netic amplifier controls, in combination with these drives, pro- 


vide wide latitude in operating functions. 


Check these Outstanding Advantages: 


Accurate speed control * Wide speed range * Low power losses 


* Simple construction * Rapid response * Remote control 
Dynaspede® Stationary Field 


‘ . * Quiet, efficient operation * Low maintenance costs 
Coupling, with Integral Motor @ P 


Ajusto-Spede’ Drives: Air cooled, stationary field eddy- 
current couplings mounted integrally with D-flange open drip 
proof squirrel cage motors are available in capacities from 1 to 
75 HP. Units of the same design and capacities are also available 


without motors. 


Dynaspede’ Drives: Liquid cooled, stationary field cou- 
plings mounted integrally with D-flange squirrel cage motors are 
available in capacities from 3 to 75 HP. Motor types available 
are drip proof, splash proof, totally enclosed fan cooled, and 
explosion proof. The coupling is totally enclosed. Separately 
mounted couplings are also available in capacities from 3 to 
2500 HP and larger. Stationary Field Coupling for 
use with Separately Mounted Motor 


Send for Detailed Information on these New 
Stationary Field Couplings and Drives 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 
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BALL BEARING SEALED 
CLUTCH, SERIES 
— MoM « 4 


The Solution To 
Your Clutch Problems 
Is On This Page... 


| NST emt OMME Bali BEARING ALL 


PURPOSE CLUTCH... 
By BACKSTOPPING (HOLDBACKS) eee tamsine 


e INDEXING (RATCHETING) 


= _y 
é., = 
ee, 


> 


SLEEVE BEARING 

CLUTCH... 
Formsprag patented clutches are built around the Jesioned for 
sprag principle. Sprags are precision manufac- 
tured wedges which increase efficiency and pro- 
long clutch life. The sprag clutch takes the place 
of old-fashioned roller or ratchet types. Because 
a sprag has greater contact surface than a roller 
bearing against the outside and inside races, a 
Formsprag clutch has increased torque capacity. 
These sprags engage automatically at constantly 
changing contact points and—unlike old-type 
clutches—cannot backlash or slip. This same 
feature prolongs clutch life. Right now Form- 
sprag clutches are serving industry in every field 
from aircraft to business machines. Special 
models available if standard models are not 
suitable in your application. 


SPECIAL PURPOSE BALL 
BEARING CLUTCH 


4 for 


CLUTCH-COUPLING 
UNITS . . . 

LARGE BORE 
BACKSTOPS .. . 


if mour 
ea rmo 


MODELS FS-02 AND 
oo ae 


BALL BEARING HIGH SPEED 
CLUTCH. SERIES “A”... 
for ntinuo igh spe 


running, employs a labyrintt 


pee 


Ol Seal which prevent 
excessive wear. Bore diameters 
» § we capacit 

t torque capacity 
1,600 ft.-Ibs 
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FORMSPRAG COMPANY 


World’s largest exclusive 7 23607 HOOVER ROAD, WARREN (DETROIT), MICHIGAN. PHONE: SLOCUM 7-8300 
manufacturer of over-running clutches IN CANADA: RENOLD CHAINS CANADA LIMITED 


Distributors in principal cities x: IN UNITED KINGDOM: RENOLD CHAINS LIMITED 58-K 


E58 Product Design Digest Issue 





US PowerGaip “twine” Betts 


“Here’s how to sharpen the brains 
of memory machines,” 
says Plant Engineer “GRIP” POWERS 











The “brains” of electronic memory machines are Says the chief engineer of Boesch: >, 
centered in toroids—tiny, doughnut-shaped coils “We also use U.S. PowerGrip on our 

of thousands of turns of tightly wound wire. _ toroidal tape winders and bobbin winding 

Winding these toroids requires the utmost pre- machines. Our engineers and ‘U.S.’ engineers 

cision. That’s why Boesch Mfg. Co. (Danbury, _ work hand in hand on all our wind-up problems 
Conn.), a leading maker of toroid winders, uses _ involving power transmission.” 

U.S. PowerGrip “Timing”® Belts on their power A complete line of PowerGrip “Timing” Belt 
transmission drives. drives—plus expert power transmission engineer- 
U.S. PowerGrip “Timing” Belts have an effi- ing assistance—is obtainable at any of the 2 
ciency of close to 100%. The belts need no lubri- “U.S.” District Sales Offices, at selected distribu- 
cation, no maintenance, are more accurate and tors, or write U.S. Rubber, Mechanical Goods 
quieter than drives tormerly used and far safer Div., Rockefeller Center, New York 20, N.Y. 

to both operator and machine. In Canada: Dominion Rubber Co. Ltd. 


Mechanical omg Division 


n 
E VY. Y 


SEE THINGS YOU NEVER SAW BEFORE. VISIT U.S. RUBBER’S NEW EXHIBIT HALL, ROCKEFELLER C 


CLLE 
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STOCK BORE 
SPROCKETS 


STEEL AND CAST IRON 
SINGLE SPROCKETS 


CAST IRON 
HUB 
SPROCKETS 


STOCK 
AND MULTIPLE 
ROLLER CHAIN DRIVES 


ACME CHAINS 


Custom made for strength 


and durability! 


The Acme chain line includes all American 
standard sizes of machine finished steel 
roller chain with standard attachments for 
these chains; the heavy series of standard 
pitch chains; the extended pitch series of 
chain and attachments for same. Acme 
also builds special attachments that may 
be required for special purposes in vari- 
ous lines of industry and for the convey- 
ing and elevating of materials; also a 
line of cable or leaf chains. 


SPROCKETS 


Ready to use—standard keyway and set- 
screw included 9 ed specifically for 
roller chain drives—completely packaged 
—easily identified—needs no additional 
machining—no shallow keyways—all stock 
sprocket sizes—stock bore sizes. 





ee) 1300) ert 
STANDARD and 
OVERSIZE 

ROLLERS 


ALL STEEL SPLIT 
OR SOLID HUBS 
FOR LARGE DIAMETER 
SPROCKETS 


AN 


N 
‘\ 
¢ ‘agents 


\ 


we 
yor 
») 

‘ 


yn’ " 
A 
4 


- 
’ 


CHAIN 


FREE CATALOG 


Write 


latest catalog 
valuable data 


Call 


ACME 


for.Service 


Dept.1A-10 for you 
80 page 


he 


of Acme’ 


Packed wit! 


i 
#3 
ee! 
4 
‘ty? ~ 


HOLYOKE 
MASSACHUSETTS 


ROLLER CHAIN 
SINGLE and MULTIPLE STRAND 


Con? i 


Catalogs and Bulletins continued 


(Q-8) Speed Reducers—Bulletin 1105, 
24 pp. Contains data on concentric 
shaft and right-angle reducers for 
applications up to 140 hp. Falk Corp., 
3001 W. Canal St., Milwaukee 1, Wis. 


(Q-9) Clutches and Brakes—Bulletin, 
6 pp. Contains data on magnetic units 
from 2 to 13 in. O.D. Fawick Corp., 
9919 Clinton Road, Cleveland 11, 
Ohio. 


(Q-10) Worm Gear Drives—Bulletin 
145, 16 pp. Contains information on 
speed reducers and worm gear sets. 
Cleveland Worm & Gear Co., 3249 
E. 80 St., Cleveland 4, Ohio. 


(Q-11) Chains—Catalog, 8 pp. De- 
scribes conveyor, elevator, power 
transmission and several new chain 
developments. Moline Malleable Lron 
Co., St. Charles, Ill 


(Q-12) Speed Reducers—Bulletin CD- 
218, 24 pp. Discusses the use of 
double-enveloping worm _ gearing. 
Michigan Tool Co., 7117 E. Mc- 
Nichols Road, Detroit 12, Mich. 


Q-13) V-Belts—Bulletin 20X6234C, 
12 pp. Describes various types of V- 
belts and tells how to select and match 
them. Allis-Chalmers Mfg. Co., Mil- 
waukee 1, Wis. 


(Q-14) Magnetic Disk Brake—Data 
sheet, 2 pp. Contains data and dia- 
grams on unit for hazardous locations. 
Dings Brakes, Inc., 4740 W. Electric 
Ave., Milwaukee 46, Wisc. 


(Q-15) Conveyor, Elevator and Trans- 
mission Belting—Catalog, 32 pp. 
Contains information and _ charts. 
Boston Woven Hose & Rubber Co., 
Boston 3, Mass. 


(Q-16) Industrial Friction Materials— 
Booklet FM35A, 16 pp. Contains 
data and characteristics on asbestos 
brake blocks, linings and clutch fac- 
ings. Johns-Manville, 22 E. 40 St., 
New York 16, N. Y. 


(Q-17) Sprockets—Catalog 200A, 19 
pp. Contains data on flexible coup- 
lings and roller chains. Cullman Wheel 
Co., 1352T Altgeld St., Chicago, Ill. 


(Q-18) Stamped Gears—Catalog, 31 
pp. Contains data and charts on pre- 
cision gears up to 4 in. dia. Fastex, 
195 Algonguifi Rd., Des Plaines, Ill. 
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Helpful Data from 


DE LAVAL 


How to Calculate 
Worm Gear 
Bearing Loads 


HP x 63025 
e= N 


power transmitted and N = rev. per min. of worm 
P. : = TANGENTIAL FORCE of worm, where 
1 


r; = Pitch radius of worm in inches 
[r2 = Pitch radius of worm gear 
nad (number of teeth in gear x axial worm pitch)] 
s = Ptan@ _ sepaRATING FORCE, where 
tan y 
a = Axial tooth pressure angle* 
y = Helix or lead angle of worm* 


Number of threads x axial worm pitch 





, lead , 
= tan- '>—, or tan- 
P 


“& ET, 2xr 
tan y 


= WORM THRUST, or tangent force driving worm gear 


* LEAD ANGLE 0°-35° use 27%° Pressure Angle 
LEAD ANGLE 35°-45° use 30° Pressure Angle 
BEARING LOADS 
Due to on Brg. II 
é b 
P Pp ——- = P 
a+b - 
S S_——_ =§ =? 
a+b 
T T , T Ty; 


a+b 
Total Rad. +S 12 VPi? + $n + Un)? Rn 
Load 


= Uy, = U; 


Thrust Load T 
Total Load VR? + T? 


Due to on Brg. III on Brg. IV 
= Uiv = Un 


) > cote os ~~ = 
: Poya ~ Um ery 


S S 5 = Sis Ss —— 
Cc > d 
I r—7 = Tm I ~~. 
Total Rad. ; ee 

Load VTur? + (Um — Sin)? VTiw?+ (Siv + U,y)? = Rw 
Thrust Load P 


Total Load VTi? + (Ui - Sim)? VR? + P? 





Speed Change 
Number of threads in worm 


Number of teeth in gear 





Gear rpm = Nx 


= TORQUE INPUT to worm, lbs. inches; HP horse- 


( Advertisement) 


Reproduced by courtesy of 
New Depanure Division 
Genero! Motors Corporation 


For simplicity in bearing 
load computations for worm 
gearing, the normal tooth 
force E is treated in terms 
of its three perpendicular 
elements, namely, P, the 
tangential driving force at 
pitch radius of worm; S, 
the force tending to separate 
worm from the gear, due to 
the pressure angle; and T, 
the thrust produced by 

the lead or helix angle of 
the worm. 


If you have a problem 
in the selection or 
application of worm gear- 
ing, De Laval engineers 
will be glad to put their 
experience to work for 
you. Either write us 
giving complete details, 
or consult your local 

De Laval representative. 
De Laval Steam 

Turbine Company, 

401 Nottingham Way, 
Trenton 2, New Jersey 





a) 
AGAR vinepRat couPLinGs 
ar” 

OFFER NEW DESIGN POSSIBILITIES 


Now you can purposely design angular and offset 
misalignment into new machines as well as cure the same 


problems on existing equipment. 


Ability to handle up to 12 degrees misalignment with 





constant peripheral speed is improving layout of driving 
and driven components, simplifying manufacture 
and reducing shut downs and maintenance of a wide 


variety of equipment. 





_—_—— — 


Wi 





Responsible For Radical Improvements 


Radically improved performance is made possible by 
Ajax Patented Dihedral Tooth Shape. It has been proven 
by hundreds of installations involving angular drives 
operating at high speeds and horsepower. A discussion 
of their advantages may reveal important improvements 
resulting from their application to your conditions. 

Ajax representatives are fully qualified to give you the 


latest thinking on this advanced type of coupling. 


<Left: 
Ajax Rubber-Bronze Cushioned 
Couplings have been the standard 
of industry for 37 years. Made in a 
complete range of sizes. Write for 


catalog. 


AJAX DIHEDRAL 
COUPLINGS 
are made in a 
Also manufacturers of Ajax vibrating conveyors, screens and packers wide range of 
standard and 
AJAX FLEXIBLE COUPLING co. INC. custom types and 


sizes. Write for 
WESTFIELD, N. Y. catalog. 
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BIRDSBORO says: 


we gained sales... 


“We tried every manufacturer of air operated friction type clutches, in 
an effort to find one that would operate on our shears because we were 
losing sales. Wichita Clutch Engineers visited our plant and after ana- 
lyzing our problem they specified the clutch application that has proved 
most satisfactory. We have found WICHITA CLUTCHES AND 
BRAKES practical to apply, reasonable in price and supported by 





good engineering service,” reports the Vice-President in charge of 


Engineering at Birdsboro Steel Foundry and Machine Co. 


ij 0 git * FASTER ENGAGEMENT AND DISENGAGEMENT 
0 * SAFER OPERATION * COOLER RUNNING * NO ADJUSTMENTS 
jure * NO LUBRICATION * EXTREMELY LONG LIFE 
fe? * EASIER MAINTENANCE * VERY LOW MOMENT OF INERTIA 


Consult Your Nearest Wichita Engineer for Complete and Detailed Information 


WICHITA ENGINEERS 


Brehm-Lahner, Inc., Detroit, Mich 


Andrew T. Lobel, Denver, Colorado 

Robert R. King Co., Cleveland, Ohio 

Dominion Power Press Equipment Ltd 
Burlington, Ontario, Canada 

Allied Transmission Equipment Co 
Kansas City 8, Missouri 

R. E. Kunz, Seattle, Wash 

W. G. Ballantyne & Co., Portland, Ore 

Norman Williams, Houston, Texas 


L. H. Fremont, Cincinnati, Ohio 

W. G. Kerr Company, Pittsburgh, Po 
Smith-Keser & Co. (Main Office), Avon, Conn 
Smith-Keser & Co., Philadelphia 44, Pa. 
Smith-Keser & Co., New York, New Yerk 
Frank W. Yarline Co., Chicago, II! 

larry W. McDowell, Long Beach, Colif 


CLUTCHES 
and 


BRAKES... 


At left is a Birdsboro 300 Ton 
Cold Bar Shear for cutting cold 
bars as they come off cooling 
bed of o modern alloy bar mill 
The Wichita Clutch and Broke 
ore indicated in red 





ERGUSON 


DRIVE 


Replaces geneva drive... 


INCREASES PRODUCTION 
UP TO 100% 


Often the development of improved 
manufacturing methods is stopped short 
because the speed-limiting indexing 
mechanism in the basic machine prevents 
the full utilization of better automatic 
tools, feeds and processes. 


The Ferguson Drive eliminates this bar- 


rier to continued advancement by replac- 
ing geneva drives and other obsoletc 
indexing devices and increasing operat- 
ing speeds as much as 100% .. . in fact, 
the Ferguson Drive opens an entirely 
new field in which to improve the eff- 
ciency and capacity of production ma- 
chinery because it operates. . . 


... AT SPEEDS UP TO 2,000 RPM WITH: 


Zero Backlash 


Minimum 

of 8,000 Hours 
Operation 

without Maintenance 


Components of the Ferguson Drive con- 
sist of a precision cut, hardened and 
ground tool steel cam with a tapered rib 
and a hub with bearing followers. Two 
followers remain in contact with the cam 
rib at all times and are preloaded to 
assure zero backlash and extreme preci- 


Want to know more about the Ferguson Drive? Send for our Catalog No.107 


Precision 
of .001” 


Smooth 
Starting and 
Stopping 


sion. All Drives are rated for at least 
8,000 hours precision operation and may 
be renewed for a like period by replac- 
ing the standard followers. With a modi- 
fied trapezoid acceleration characteristic, 
smoothness of indexing is achieved even 
at highest speeds. 


Get complete information, including load ratings 
and dimensions of the many standard models; 
methods for calculating load requirements 

and data on many types of installations. There’s 


no obligation . . . 


sO write today! 


HIGH SPEED INDEXING * STANDARD TRANSFER MACHINES ® AUTOMATIC TOOLING 


FERGUSON MACHINE CORPORATION ©@ 


Roller Gear Division, Dept. 


INDIANA 


@ P.O. Box 5841, St. Lovis 21, Mo. 


Catalogs and Bulletins continued 


(Q-19) Air-Operated Clutches 
tun 5U011, 2. pp. Contains 
and data. Industrial 
Waukesha, Wis. 


Bulle 
diagrams 


Clutch Corp., 


(Q-20) Clutches Booklet, 76 pp. 
Contains data on automatic freewheel- 
ing clutches, clutch- 
couplings and backstops. Marland 
One-Way Clutch Co., 561 W. Hill- 
grove Ave., La Grange, Ill. 


combination 


(Q-21) Clutches—Catalog 104-C, 24 
pp. Contains charts and data on units 
tor Over-running, indexing, and back- 
stopping applications. Formsprag Co., 
23601 Hoover Rd., Van Dyke, Mich. 


(Q-22) Flexible Couplings—Catalog 
CP 1-56, 8 pp. Contains data, hp rat- 
ings, and prices. Acme Chain Corp., 
Holyoke, Mass. 


(Q-23) Variable Pitch Drives 
log V183-A, 12 pp. 
and diagrams on units designed for 
use with standard “B” and “C” section 
belts and driven 
Mtg. Co., 


(ata 


Contains data 


sheaves 
Maysville, Ky. 


Browning 


(Q-24) Shear Pin Sprockets—Folder 
2747, 4 pp. Contains data on sizes, 
torque ratings, hub dimensions and 
Link-Belt Co., Prudential 
Plaza, Chicago 1, Ill. 


keyseats. 


(Q-25) Computer for Variable Speed 
Drives—Unit, given free, can be used 
for solution of any formula involving 
two variables, raised to any power OI 
root, and a constant. Reverse side of 
rule contains commonly used formu- 
las. Graham _ Transmissions, 
Menomonee Falls, Wisc. 


Inc., 


(Q-26) Multi-Row Cylindrical Roll- 
Neck Bearings—Catalog 436, 24 pp. 
Contains data on units designed for 
heavy-duty service in roll-neck mount- 
ings on hot cold rolling mills 
SKF Industries, Inc., Front St. and 
Erie Ave., Philadelphia 32, Pa 


and 


(Q-27) D-c Magnet Brake—Bulletin 
GEA-6214, 8 pp. Contains data, dia 
grams and tables that show how uni 
meets AISE standards in 8, 10, 13, 
16, 19, and 23-in. wheel sizes. General 
Electric Co., Schenectady 5, N. Y 


(Q-28) Flexible Couplings—W all Chart 

Torque ratings, type and physical di- 
mensions are given. Morse Chain Co., 
Ithaca, N. Y. 
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The men who designed the gear reducer 
for the cooling tower fan shown above 
were assisted in many ways by Gleason 
engineers 

Cooling tower fan operation is gener- 
ally recognized to be one of the most 
severe lests to which a gear reducer can 
he subjes ted 
gear system that can operate twenty- 
four hours a day, three hundred and 


sixty-five days a year if necessary 


These towers demand a 








The gear reducer is subject to heavy 
loads and lies in the path of moist, cor- 
rosive air streams. 


The gear drives for these cooling tower fans are 


subject to heavy loads and lie directly in path 
of mot.st, corrosive air streams. 


How to obtain help 
when you design bevel vear assemblies 





Here is what the customer ind 
Gleason engineers developed 

\ spiral bevel drive of 19 x 76 com 
bination and 2.5 DP. With spiral bevel 
gears the tooth bearing ts localized which 
assures smooth and quiet operation and 
permits some mounting deflections with 
out concentrating the load dangerously 
near either end of the tooth 

The use of this gear design also 
allowed the flexibility required to fit the 
fan unit into the over-all design of the 
tower and to produce an economical, 
self-contained unit which requires little 
or no maintenance 

Next,our engineers produced and tested 
prototypes of the design which the cus- 


GLEASON 


Builders of bevel gear machinery for over 90 years 


“ 1000 UNIVERSITY AVE., ROCHESTER 3,N. Y. 









tomer in turn tested in the final product 


Our engineers can al help you select 
proper mountings for such gea issem 
bhes and advise you ol wh deta 


is lubri itbor 

If vou would like to take advantage of 
this service, write u he next time you 
bevel ol 


have i pr blem INVOLVE 


overing type f application, loads and 
speeds mnd prints of the mountings We 
would be pleased to assist you in the 
selection of your gear 
Meanwhile you may tind — these 
Gk ison Pechni il Handbooks 
in your work 
20° Straight Bevel Gear Svstem” 
“Spiral Beve 


“ZERGL Bevel Gear System” 


helpfu 


| (year System 

















NOW! THE COUPLING WITH THE 4-WAY FLEX! 




















Paraeflex 


FLEXIBLE CUSHION COUPLING 















THE NEW IDEA IN FLEXIBLE COUPLINGS...WITH A 
FLEXING BODY THAT AUTOMATICALLY COMPENSATES 
FOR ALL COMBINATIONS OF MISALIGNMENT AND 
END FLOAT...AND CUSHIONS SHOCK LOADS! 








THIS Coupling “swallows up” misalignment! Its 
ability to handle multiple displacement is ex- 
ceeded only in a universal joint. It outperforms 
the most complex coupling mechanisms—yet it 
operates with the simplicity—and the depend- 
ability—of a modern tire! 





The technological advances that contribute to ANGULAR PARALLEL 
the miracle of today’s truck tires, which are MISALIGNMENT MISALIGNMENT 
engineered to carry tremendous loads at high 
speeds and stand terrific shock, have made this 
new type of coupling possible. 

HE 

is pliant. It ‘fits itself’’ to changing shaft con- 
ditions—angular, parallel, end-float, or any com- 
bination of all three! Depending upon the size of END TORSIONAL 
coupling and duration of shaft misplacement, it FLOAT VISRATION 
handles angular misalignment up to 4°, parallel 
use of standard Taper-Lock bushings — no re- 
boring, no machining. Safety is promoted by 
flush design; there are no protruding parts. And 

There is no metal- since the flexible member is molded with a trans- 
to-metal contact be- verse split, it can be replaced without moving 
tween shafts. They are either the driver or driven machine! 


insulated. No lubrica- 
tion is required. 





The heart of Para-flex is a tire with synthetic 
tension members bonded together in rubber. It 

















It cushions the stresses of shock loads to a re- 
markable degree. And it tends to absorb tor- 
sional vibration—reducing noise and protecting 
machinery from vibration’s destructive forces. 



















Para-flex Couplings are stocked by Dodge 
Distributors in popular transmission sizes. They 
Para-flex takes a I \ are available from factory stock in capacities up 











minimum of space on ittiatitadiaiiliiiiains to 600 hp at 900 rpm. Call your distributor for 
the shaft. Mounting is sepleced without! moving early delivery to make your own test. You'll 
simplified through the witness something revolutionary! 





DODGE MANUFACTURING CORPORATION, 1200 Union Street, Mishawaka, Indiana 


of Mishawaka, Ind. 


1 N 
CALL THE TRANSMISSIONEER, your local Dodge Distributor. Factory trained by Dodge, he can give you valuable / N 
assistance on new methods. Look for his name under ‘‘Power Transmission Machinery” in the yellow pages of 
your classified telephone directory—or write us. . 





SINGLE REDUCTION 
WORM GEAR TYPE 


SERIES CB, CT, CV 


...the most complete line 
of standard models and sizes 
for every design requirement 


The Winsmith line of conventional and shaft mounted speed reducers 
offers design engineers and speed reducer users the widest range of 
standard models and capacities available from a single source of supply. 


For precise, dependable performance 


top operating efficiency at all 


speeds and ratios — maintenance-free durability and overall economy, 
specify Winsmith Speed Reducers for every application from 1/100 


to 85 h.p., in ratios from 1.1:1 to 50,000:1. 


IF YOU HAVE A SPECIAL PROBLEM — consult the Winsmith Representa- 
tive in your area, or write directly to our Engineering Department. 


WORM GEAR REDUCERS 
Single or double reduction models, for service in either 
intermittent or continuous operation. Available with 
right-angle or parallel shafts; worm on top or bottom; 
all worm gear or combined worm and helical 


HELICAL GEAR REDUCERS 
Single reduction, parallel shaft units for 
small ratios. Hardened, accurately 
ground, alloy steel pinion shafts. Cast 
iron gears 


DIFFERENTIAL GEAR REDUCERS 
Winsmith offers a unique, patented type of differential 
gear reducer in which the planetary and secondary gears 
are integrated to form a unified planetary element. Tooth 
alignment is improved because the planetary gears auto- 
matically float into position, thus equalizing load dis- 
tribution. Parts are never increased in number, regardless 
of reduction ratios—from 1.1:1 to 50,000:1—and the 
over-all dimensions of a given size never vary 


Important 
...NEW COMPLETE 
ENGINEERING DATA 
AND SELECTION 
INFORMATION 
FOR YOU > 


CATALOG NO. 155 — One of the most useful tools ever devised 
for design engineers. It contains complete selection information: 
weights, dimensions, parts, ratios and ratings, plus selection factors, 
lubrication charts, character of load tables, and a complete engineer- 
ing section that explains power transmission problems and how 
to solve them 


NEW CATALOG NO. SM-57 —A brand-new supplement to 
Catalog No. 155, devoted exclusively to Winsmith’s new Shaft 
Mounted, Worm Gear Speed Reducers. It contains all the same 
type of vitally pertinent information, in condensed form 

WRITE TODAY —on your company letterhead, please — for 
both these catalogs. Together, they are the most authoritative and 
up-to-date compilation of speed reducer information available. 
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1. DOUBLE REDUCTION 
WORM GEAR TYPE 


DOUBLE REDUCTION DOUBLE REDUCTION DIFFERENTIAL 


WORM AND HELICAL WORM GEAR TYPE REDUCERS 


GEAR TYPE SERIES CBD, CTD, CVD 2. SINGLE REDUCTION HELICAL 
SERIES CBX, CTX, CVX 


GEAR HORIZONTAL TYPE 


3. TWO SPEED REDUCTION 
WORM AND SPUR GEAR TYPE 









2. 700, 800, 900 FLANGE MOUNTED 


i 


cvx 3. TSR As Siler NSE lejiel ir 4s) 





NEW...WINSMITH 


SHAFT 


MOUNTED 
o WORM GEAR SPEED REDUCERS 


7 e 3 Sizes — .63 to 8.82 hp 
e Ratio Range — 7'2:1 to 77:1 


e Maximum Output Torque — SERIES “ST” 


816 to 7678 in. lbs. TORQUE ARM 
TYPE 


on: 
ors, 






OW 


tor 
and 


ble. 


SERIES “SF” 
FLANGE MOUNTED 
TYPE 


WINSMITH, incorporated 
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Designed for 


RUGGEDNESS and 





DEPENDABILITY 


For more than a quarter of a century Clark power transmission 
engineers have been thinking in terms of performance and out- 
standing dependability. 


That’s why, when you have a transmission, torque converter, 





drive unit or axle problem, you can find a solution by calling Clark. 
Seasoned, resourceful Clark engineers are always available to work 
with your engineers. Over the years dozens of manufacturers have 
found this “teaming-up” to be the 
quickest, easiest way to be certain 


of superior performance. Cc t q RK 
You'll find IT’S ALWAYS GOOD 


BUSINESS TO DO BUSINESS EQUIPMENT 


WITH CLARK. 


TRADEMARK OF THE CLARK EQUIPMENT COMPANY 





CLARK EQUIPMENT COMPANY 


Buchanan, Jackson, Benton Harbor, Battle Creek, Michigan 
St. Thomas, Ontario, Canada 


Write for this new 42 
page book illustrating and 
describing the products 
and facilities of CLARK. 
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Catalogs and Bulletins continued 


One of th ese 9 | (Q-29) Precision Stock Gears — Cata- 
| log, 88 pp. Contains data and price 
yo 


. — list of spur gears, bevel gears, slip 
s2 ars go*. 


clutches, clamps and collars. Dy- 


is sure to answer your namic Gear Co. Inc., Amityville, N 


Y. 
. . 1 
power transmission needs! (Q-30) Adapters for Flexible Shaft- 


ing—Brochure, 15 pp. Contains in 
formation and diagrams on dual drive 
and right-angle adapters. If W 

Stewart Corp., 4311 Ravenwood Ave 

Chicago 13, IH 


(Q-31) Gears—Catalog 57, 112 pp. 
Contains information on gear mate- 
rials and heat treatment, gear-cutting 





capacities, tooth forms, comparisons 
for milled-form and generated spur 
gears, AGMA Class 1 hp ratings, 
AGMA horse power formulas, shaft 
size formulas and tables. The Hors 
burgh & Scott Co., 5114 Hamilton 
Ave., Cleveland 14, Ohio 


(Q-32) Brakes—Booklet, 16 pp. Con- 
tains information to aid selection and 
operation of finger, standard and rad 
ius brake. O'’Neil-Irwin Mfg. Co., 
Lake City, Minn 


(Q-33) Flexible Couplings—Bulletin 
3 pp. Contains description of cou- 
plings with torque capacities from 
1/80 to 3500 hp. Lord Mfg. Co., 


Regardless of type, every H & S Gear is of 1635 W. 12 St.. Erie, Pa 


Spur the rugged, “husky”’ type. Heavy rims are 
e well reinforced. Hubs are heavy in section, 
Racks eliminating the need for key patches. All 


* sharp corners are broken and generous fillets 
B . os tables and design data on clutches, 
evel are prov ided. 


brakes, couplings, power take-offs, 
rotorseals, quick release valves and 


(Q-34) Clutches and Brakes—Bulletin 
500A, 36 pp. Contains applications, 


. H & S Gears are available of Steel, Hard- 


Mitre ened Steel, Alloys, Cast Iron, Bronze, Raw- re inte Se Che 
: : gh-speed controls. Fawick orp., 
~ hide, Fibroil, or Bakelite. esp P 


Internal ; . 9919 Clinton Rd., Cleveland 11, Ohio 
Exacting care is exercised in every manu- 


Worm facturing step of H & S Gears. This insures 
e quietness of operation, uniform velocity ratio, 
Helical and freedom from vibration. 
. Whether you need a gear that weighs one 
Spiral ounce or 10 tons, why not put our years of 


(Q-35) Torque Converter—Bulletin 

508, 4 pp. Describes and illustrates 

single stage torque converter. Twin 

Disc Clutch Co., Rockford, III 

° gear engineering experience to work for you. 

Herringbone Just send us the specifications or call. There’s | (Q-36) Speed Reducers—Booklet B 
no obligation. | 6727, 45 pp. Contains data and charts 

on hp ratings, torque capacity, over- 

hung load values and dimensions 

Westinghouse Electric Corp., P. O 


2099, Pittsburgh 30, Pa. 
THE /HORSBURGH & SCOTT) CO. : 


GEARS AND SPEED REDUCERS (Q-37) V-Belt Drives—Manual, 66 pp 
5112 Hamilton Avenue ke Contains tables on belt selection, de- 
Cleveland 14, Ohio termination of speed ratio, belt speed, 








hp ratings and design data. Maurey 
Mfg. Corp., 2915 S. Wabash Ave., 
Send note on Company Letterhead for complete H & S Catalog Chicago 16, III. 
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Catalogs and Bulletins continued 


(Q-38) Power Transmission Machinery 
—Catalog D56, 328 pp. Contains 
charts, diagrams and pictures on bear- 
ings, clutches, pulleys, speed reducers. 
Dodge Mfg., Mishawaka, Ind. 


(Q-39) Sped Reducers—Bulletin 12 
pp. Contains information on integral 
gear motors, speed reducers with 
separate motors, and speed reducers. 
Sterling Electric Motors, Inc., 5401 
Telegraph Rd., Los Angeles 22, Calif. 


(Q-40) Universal Joints—Catalog, 8 
pp. Contains data, drawings and speci- 
fications. Detroit Bevel Gear Co., 
8130 Jos. Campau, Detroit 11, Mich 


(Q-41) Flexible Chain Couplings 

Catalog, 16 pp. Contains specifica- 
tions, dimensions, ratings and applica- 
tions. Morse Chain Co., Ithaca, N. Y. 


(Q-42) Shoe Brakes—Bulletin BD-12, 
5 pp. Contains data on construction 
and performance of heavy duty unit. 
Fawick Corp. Cleveland, Ohio. 


(Q-43) Clutches—Catalog 104-C, 26 
pp. Contains information, diagrams 
and charts on clutches for over-run- 
ning, backstopping and _ indexing. 
Formsprag Co., 23601 Hoover Road, 
Van Dyke, Mich. 


(Q-44) Fluid Drives—Bulletin 9119, 
16 pp. Contains data, diagrams and 
charts on units for 4% to 25 hp ap- 
plications. American Blower Corp., 
Detroit 32, Mich. 


(Q-45) Zinc Alloy Gears and Pinions 
—Bulletin, 1 p. Contains data on 
more than 40 individual units. Gries 
Reproducer Corp., 400 Beechwood 
Ave., New Rochelle, N. Y. 


(Q-46) Gyrol Fluid Drives—Bulletin 
A-119, 8 pp. Contains data on units 
in the 7% through 800 hp range. 
American Blower Corp., Detroit 32. 


(Q-47) Speed Reducers—Bulletin 98, 
4 pp. Describes reducer with maximum 
power output of 0.1 hp. Metron In- 
strument Co., 432 Lincoln St., Denver 
3, Colo. 


(Q-48) Sheaves—Catalog 83-A, 16 pp 
Lists 739 different stock sizes from 
3.4 in. to 6 ft. dia. Fort Worth Steel 
& Machinery Co., P. O. Box 1038, 
Fort Worth, Texas 





3|H2S/|Speed Reducers 





MT=t-¢-11\1c]=1e) 1 = 

















unbioAed 
recommendation 


WORM GEAR 


Each of these three general groups of H&S Speed Reducers 
has its particular mechanical advantages which make it more 
efficient for specific duties. There are many considerations, such 
as speed of driving and driven shafts, shape of housing and 
drive characteristics that must be considered for lasting reducer 
performance and economy. 

With the complete H &S line of Speed Reducers to choose 
from, you can be sure of our unbiased recommendation and 
your selection of the right type reducer for each specific job. 

H & S Reducers are available in single reduction units in 
ratios up to 100 to 1; in combination units up to 700 to 1; 
and in double reduction units up to 10,000 to 1. 


Make H & S your source for a// speed reducing requirements. 





THE /HORSBURGH & SCOTT) CO. 


GEARS AND SPEED REDUCERS 
5112 Hamilton Avenue 
Cleveland 14, Ohio 





Send note on Company Letterhead for complete H & S Catalog 
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. \. 
Here's something 





GEAR CATALOG 


TELLS ALL 
IS EASY TO USE 
SAVES YOU TIME 


Bond Gear Catalog +100 is NOT just a listing of 
available Bond Stock Gears. It provides you with 
the means to easily, quickly, and correctly select the 
right gear and the right component part for any 
particular application. Features include: 











1. A complete listing of Bond Stock Gears, 

including our new line of miter gears pro- 

duced with the new 20° Gleason "Coniflex” 
tooth form. 
2. A complete listing of the newly re- 
designed line of Bond Speed Reducers 
providing greater HPD (Horsepower 
Per Dollar). 


3. A complete listing of Bond Sprockets, Flexible 
Couplings, and related transmission components. 9)) 
4. Easy selection tables for all components. 


5. Horsepower listings for all components at various 
speeds. 


6. Color-coded sections for quick location of desired 
information. 


SEND FOR YOUR FREE COPY OF BOND GEAR CATALOG 
+ 100—NOW! 


COMPANY 


Wheel in the Window 


617-23 ARCH ST., PHILA. 6, PA MArket 7-6600 


TRANSFERS 
POWER at 


CROWN MITRE GEAR UNITS 


. are an ideal solution to all types of right angle needs, and 

are especially adaptable to confined areas. They're small, 
rugged, quiet, and precision made. Crown Gear Units have 
matched “Zerol” hardened gears which are mounted in double 
shielded ball bearings, and completely enclosed. Re-lubrica- 
tion, if necessary, is easily accomplished, and four or five 
mounting flanges provide easy installation. 
Special models will be engineered and quotations submitted 
for any specific problems. Write today for the name of your 
local distributor. Crown Gear Units are available almost 
everywhere. Write for engineering details 


CROWN GEAR 


a division of Harrington & Richardson, Inc 


gis <2 320 PARK AVENUE, WORCESTER 10, MASS { 
7” Pa sy - a oe 
hee ae “4 





a ft 
._ * 


\ Over 120 leading distributors in 43 States 


Sold in Canada by H. R. Arms Co., Ltd., 
Montreal 23, P. Q 











FOR FAST HELP 
ON DESIGN PROBLEMS 


... consult the 


PRODUCT INDEX 
of this 


DESIGN DIGEST 
ISSUE 


(Begins on page 15) 
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if your design calls for CLUTCHES 


MAXITORQ 
electric clutches 


PROVED design, Floating Disc action is fast and positive, with no 
heating or drag in neutral. Compact, simple, with few moving parts. 
For WET or DRY operation: Electrical operating unit DOES NOT 
REVOLVE; no brushes or slip rings. Use easily replaced standard 
Disc-Pac. Requires no adjustment. Wide range of standard sizes, 
single and double types. All sizes rated 80 watts, operate on 110 
V,A.C., rectified to 90 V,D.C. Other voltages on special order. 




















overload 
release clutches 


One of the simplest and most efficient methods of providing a 
DEPENDABLE and easily adjusted overload release on machines 
requiring this safety feature in addition to a clutch. Incorporate all 
the advantages of MAXITORQ Floating Disc design plus automatic 
and complete release upon overload. Proved in service. Available 
in a wide range of sizes. 


a 


LS | 


______ 


standard floating 
disc clutches 


MAXITORG offers you PROVED 
performance in every type of service with the following important 
advantages: compact design with few and sturdy parts... 
floating neutral with no heating or drag . . . positive engagement 
or release with light pressure ... manual assembly and adjustment 
... full power transmission... full range of sizes and types... 
supplied as complete, easily installed units 


disc-pac 


The “heart” of the SERVICE-PROVED Maxitorg Floating Disc Clutch 
in a compact, assembled unit for those who wish to design and 
build their own clutch mechanisms. Supplied as complete units 
ready for use in 8 diameters 2" to 8", up to 800 ff. Ibs. capacity. 
Also useful as a multiple disc brake or torque limiting device. 


Write for complete data and specifications on any or all of the 
above. If you have a problem involving clutch applications, consult 
us. A letter or phone call will receive prompt attention. Dept. PDD-10. 


Avg THE CARLYLE JOHNSON MACHINE COMPANY, MANCHESTER, CONN. 
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ao EVES 


Sizes 200-300 Vari-Speed MOTODRIVES* 


#200-300 Size, 1 through 5 hp.; full line, 4 through 40 hp. 


“C”" tlow -Vertical “Z" tlow—Vertical 


Re T(E 


The flexible design of these compact new REEVES 
variable speed power packages permits hundreds of 
combinations . . . space-saving, space-fitting stand- 
ard assemblies to meet most installation require- 
ments. All models are available in both “‘C” flow 
and ‘‘Z’’ flow styles. 

New increased capacity is built in the reducers—single, double 
or triple stages...new disc assemblies permit wider output speed 
ranges ... discs are pre-aligned . . . pre-loaded spring maintains 
correct belt tension for longer belt wear . . . exclusive ‘“‘close- 
grooving”’ lubrication assures free sliding discs . . . new Meter- 
matic system automatically lubricates the motor and variable 
shaft bearings. 

Complete information on all phases of the versatile 200- 
300 sizes Vari-Speed Motodrives is given in new Catalog. 
Write for your free copy today — Dept. KD32-M571. 


REEVES PULLEY COMPANY 
division of RELIANCE titihiiede- 


Columbus, Indiana 


| 
| 


Catalogs and Bulletins continued 


(Q-49) Flexible Couplings—Catalog, 
24 pp. Contains dimensions and speci- 
fications on standard, double and 


radial units. Morse Chain Co., Ithaca, 
N. Y. 


(Q-50) Machine Tool Clutch—Bulletin, 
4 pp, describes applications where 
many Output speeds are desired with 
a constant input speed. ITE Circuit 
Breaker Co., 19th & Hamilton St., 
Philadelphia 30, Pa 


(Q-51) Miniature Flexible Couplings 

Bulletin MC-100, 4 pp, has dimen- 
sional drawings, material specifications, 
dimensions, bore size and list prices 
Thomas Flexible Coupling Co., War- 
ren, Pa. 


(Q-52) Variable Speed Drive—Bul! 
letin 1600-B7P, 14 pp, contains infor 
mation about operating principle, de- 
sign, component parts, definition of 
engineering terms and formulas, and 
includes selection tables and illustra- 
tions of drive dimensions. Worthing- 
ton Corp., Harrison, N. J 


(Q-53) Automatic Clutches—Bulletin 
56-D-1, 4 pp, has illustrations and 
descriptions covering a variety of auto- 
matic clutches and transmissions. Sals- 
bury Corp., 1161 E. Florence Ave., 
Los Angeles 1, Calif. 


(Q-54) Magnetic Multiple Disc Clutch 

Bulletin 690, 8 pp. Contains 
diagrams and data on unit for auxil- 
iary and feed drives of machine tools 
McCauley Industrial Corp., 1840 
Howell Ave., Dayton 7, Ohio 


(Q-55) Fluid Drive—Bulletin 9719, 
2 pp has installation drawings giv- 
ing basic dimensions and tolerances 
Rating charts give the horsepower 
ranges. American Blower Corp., De- 
troit 32, Mich. 


(Q-56) Flexible Shafts—Bulletin No. 
570, 12 pp, illustrates typical installa- 
tions using flexible shafting, for either 
power drive or remote control ap- 
plications. Stow Mfg. Co., 426 Shear 
St., Binghamton, N. Y. 


(Q-57) Multiple V-Belt Sheaves— 
Catalog, 18 pp, gives information on 
the handling of sheaves as well as 
dimensions and descriptions. Maurey 
Mfg. Corp., 2915 S. Wabash Ave., 
Chicago 16, Ill. 
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WALDRON flexible couplings 


Manufacturers of Gear and Pin Type Couplings for more 
than 40 years. Automatic Overload Cut-Outs. 


For Strength— 

Hubs and cover sleeves for sizes 1%4A through 7A are ma 
chined from tough steel forgings. Hubs are keyed to the shafts 
The two one-piece cover sleeves function as a single, rigid unit 
serving as a Hoating connecting link between the hubs. High 
strength of forgings makes possible a very compact coupling 
with low rotating inertia 


For Reliability— 

There are no te xible parts to bend or break and the coupling 
is dust, moisture, and oil tight. Patented Walflex seal is at the 
lowest possible diameter where centrifugal force is least 
Clearance between teeth in hubs and sleeve is engineered so 
that an oil wedge always separates them, taking the wear 


For Services— 

Assembled rough bore couplings available for prompt de- 
livery from Waldron Factory. Finish bored standard couplings 
shipped to meet customers’ schedules 





In All Popular 
Types and Sizes 


Standard 

Mill Motor 

Floating Shaft 

Heavy Duty 

Spacer 

Jordan 

Cut-Out 

Shear-Pin : 

Spacer Type Oil Collector Floating Shaft Type 
Limited End Float rhe floating shaft arrangement meets 

Marine Type problems of remo 

nisalignme nts 

driven equipment by allowing the spacer to For special applica- of two rigid fen 

take up the space between the two shafts tions the standard basic driven machines 

It also allows one to work on the inboard design can be easily al- standard . upling 

ends of the equipment without removing the tered to meet exact re- ey Bean hes ' ; 

equipment from the foundation and, in ad- quirements. is limited by the ori 

dition, provides for additional misalignment. arrangement requ 








This coupling makes possible the prede- 
termined location of both the driver and 











. e . 
Francke Pin Type Coupling Junior Nylon Coupling Automatic Cut-Out 
that makes 
alignment, pin units provide a spring sive, non-magnetic and requires no lubri- use of increasing torque to cor 
cushion for shock loads and transverse cation, %” — %” 56” and 34” hub tion of machine. Saves dov 
vibrations. bores. tects horsepower 


In addition to compensating for mis- Weighs only 2% oz. and is non-corro Positive mechanical unit 


Write for Illustrated Bulletin No. 55 for details on any of the above products. 


youn WALDRON corporation 


NEW BRUNSWICK, NEW JERSEY 


Representatives in Principal Cities 


Export Agents — Frazar & Co., New York, N. Y. 
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FOR POSITIVE, LOW-COST 


SPROCKET DRIVES... 


Only the manufacturer of genuine Bead Chain 
offers you a new, more versatile belt drive that 
will accurately time and control the movement 
of all types of devices. Among such applications 
are radio and television tuners, recorders, air 
conditioners and timing devices. Costly gearing 
mechanisms can be eliminated and efficiently 
replaced by the specially designed sprockets 
that accurately fit the individual beads without 
slippage and backlash, Friction is ata minimum 
and tensile strength of the Bead Chain belt 
(from 15 to 200 Ibs.) is very high in proportion 


Bead Chain is manufactured to 
such close tolerances that it can be applied at low cost 
k tc J type or positive non-slip sprockets! 


to size and weight. 


Write to us today for detailed information 
about sprockets and Bead Chain belts. It 
can save you a lot of time and money later. 





THE BEAD CHAIN MANUFACTURING CO. 
207 Mountain Grove St., Bridgeport, Conn. 


Please send me information about 
Bead Chain sprocket drives. 


NAME. 














BEAD CHAIN MANUFACTURING (CO., Bridgeport 
2nd world largest producers of Bead Chain 





GEARS 


Made to Your 
Specifications 


You and we can form a 
team—you to draw up 
the specifications; we to 
make the gears — that 
will be profitable to 
both of us. Gears of all 
types, all sizes, all 
materials. Design-engi- 
neering service available. 


Custom Gears 
Exclusively 


DIEFENDORF GEAR 
CORPORATION 


Syracuse 1,N.Y 


FOR THE BEST 
SELECTION OF 
SPEED REDUCERS 


®@ Data-Pached 
© Pocket Size 


The new Abart Catalog offers 
92-pages of valuable information 
engineering data, detailed 
drawings and photos. Here is a 
handy and accurate means of 
selecting the exact Abart Speed 
Reducer or Precision-Cut Gear for 
any application—fast, easy to use 


SPEED REDUCERS—75 models to choose from spur 
worm or combination gears single or double reduction 
Ratios up to 10,000 to 1; ratings from 1/50 to 168 hp 


GEARS— Custom-made from any gear material to 
your exact requirements—NO STOCKS. Pitches from 
96 D.P. to 5.7 D.P. Request Gear Bulletin 


Send B/P and Specs or Sample for Prompt Quotation 
ABART GEAR and MACHINE CO. 
Mfrs. of Gears and Speed Reducers 


4824 WEST 16th STREET CHICAGO 50, ILLINOIS 
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Designers of the latest types of road 


LETOURNEAU- JAEGER CONCRETE SPREADER 
WESTINGHOUSE 
ADAMS GRADER 


building and construction machines enjoy 


HUBER-WARCO SMITH 
TANDEM ROLLER INTEGRAL MIXER 


dee io 
nae . “s =. 


maximum cooperation when they specify 


” ~~ Se 
is SELF-PROPELLED 


LOADER 


UNIVERSAL JOINTS 


Supplier-engineering Cooperation can often save time 
when you're designing road building and construction 
equipment. 

At Blood Brothers, a complete staff of engineers is 
ready to work closely with you. They will gladly assist 
in selecting standard universal joints and drive lines— 
or advise on special problems. 

As one customer wrote: “We are seldom able to obtain 
the prompt and pleasant attention which you have given 
us in developing these... joints”. 

Try it for yourself—Write or call Blood Brothers 
engineers for suggestions! 


“ 


7. 


<7 /E> 


BLOOD BROTHERS UNIVERSAL JOINTS 
MACHINE DIVISION AND DRIVE LINE 


ASSEMBLIES 
ROCKWELL SPRING AND AXLE COMPANY 


ALLEGAN, MICHIGAN 
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Horizontal Open 


variable-speed Oye temmlolon 


transmissions 


inherently accurate speed regulation. Horizontal Enclosed 
V/S Transmission 
Dependable performance under 


exacting—often adverse—conditions. 


Infinitely variable speeds—sensitive 
and responsive to critical control— 
manual or automatic. 


Adaptability to the precise needs of 
the specific machine or process. 


SPEED RANGES TO 20:1 RATINGS TO 60 HP. rt Galen 


Vertical Enciosed 
Variable Pulley V/S Transmission 


LEWELLEN 


variable pulleys 


Variable Pulley 
with Counter Shaft 


combination pulleys 


Directly connected 
Compactly mounted 
Combination Pulleys Conveniently controlled 
Economically applied 
—VARIABLE SPEEDS 


SPEED RANGES TO 10:1 RATINGS TO 15 H.P. 
4 
4 


eed oan infinitely, accurately variable speeds 

with Counter Shaft are designed and built into every 

Lewellen drive. Internals are mechani- 

cally connected and symmetrically 

positioned. All motions are exactly pro- 

portioned and accurately adjustable. 

Variable Belt tracks in true alignment 

at precise pitch ratios, with controlled 

wave cen envenee tension for full traction throughout the 
No. 65 and 608 speed range. 


LEWELLEN MANUFACTURING CO., COLUMBUS, IND. 


Distribut A 7 M 


Catalogs and Bulletins continued 


(Q-58) Miniature and Sub-Miniature 
Clutches—Bulletin, 4 pp, gives dimen- 
sions and data. Precision Specialties, 
1342 E. 58 St., Kansas City 10, Mo 


(Q-59) V-Belt Clutch—-ROL 1255 4 
pp. Describes an automatic V-belt 
clutch that utilizes belt pull to obtain 
a speed spread between engagement 
and release and to increase clutch 
capacity. Rev-O-Loc Clutch Corp., P 
O. Box 1806, Milwaukee 1, Wis 


(Q-60) Dihedral Couplings—Catalo 
62 8 pp. Information, on standard, 
floating shaft and mill motor type di 
hedral couplings. Data is given on 
sizes, capacities and dimensions of 
standard, floating shaft and mill motor 
types. Ajax Flexible Coupling Co., 
Inc., Westfield, N. Y. 


(Q-61) Flexible Mounting Systems— 
Booklet 901, 4 pp. Contains vibration 
isolation efficiency curve. Lord Mfg. 
Co., 1635 W. 12th St., Erie, Pa. 


(Q-62) Variable Speed Motor Pulleys 
—Bulletin 1630 BIP, 8 pp. Contains 
data and charts on motor pulleys % 
through % hp with adjustable and 
tilting motor bases, companion 
sheaves, and V-belts. Worthington 
Corp., Harrison, N. J. 


(Q-63) Variable Speed Control—Bul- 
letin 561, 8 pp. Contains diagrams 
and data on speed adjustable drive. 
Reeves Pulley Co., Columbus, Ind. 


(Q-64) Motor Pulleys—Catalog V563, 
8 pp. Contains diagrams and data on 
units from %4 to 1% hp and in speed 
ratios up to 2.75:1. Reeves Pulley Co., 
1225 Seventh St., Columbus, Ind. 


(Q-65) Gears—Catalog 101, 8 pp. 
Contains description and pictures of 
spur, helical, bevel, miter, internal and 
worm gears. Adams Co., Dubuque, 
lowa. 


(Q-66) Fluid Drive—Bulletin 9819, 8 
pp. Diagrams, data and charts on ad- 
justable speed fluid drives. American 
Blower Corp., Detroit 32, Mich. 


(Q-67) Electric Brakes and Clutches 
Bulletin WEB6212, 8pp. has com- 
plete specifications for primary elec- 
tric brakes, clutches, clutch-brakes, 
clutch-couplings. Warner Electric 
Brake & Clutch Co., Beloit, Wis. 
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Meet your needs from the full Farrel’ line of 


EXPERIENCE-PROVEN GEARS 
AND GEAR UNITS 


Continuous - tooth 
herringbone gear, 
126.942” diame- 
ter, 36” face. 


Speed-increasing unit 
with cover cut away to Vertical right-angle 
show gearing. 


Whether you need gears alone, or a fully ——— 
drive, Farrel is a dependable source. From a wide range 
of types and sizes a Farrel gear unit can be selected for 
practically any requirement. 
Farrel gear units are proven by years of practical expe- 
rience in the application of mechanical drives in all types 
of power transmission. 
Specialists for many years in the manufacture of heavy- 
duty gears and gear units, Farrel operates eight of the 
largest gear generators in the world and has a laboratory 
for gear research which is one of the most modern and 
completely equipped of its kind. Because the facilities of 
the company are complete, quality is under close control : 
through all steps of manufacture, from the production of y Fm Horizontal right- 
castings and weldments to completion of the finished / angle unit 
product. 


Write for details of any of the units shown. ; 
) Vertical marine 


FARREL-BIRMINGHAM COMPANY, INC. rcp 
ANSONIA, CONNECTICUT 
Plants: Ansonia and Derby, Conn., Buffalo and Rochester, N. Y. 
Sales Offices: Ansonia, Buffalo, Boston, Akron, Ann Arbor (Mich.), 
Chicago, Minneapolis, Fayetteville (N. C.), Los Angeles, Salt Lake City, 
Tulsa, Houston 
European Office: Piazza della Republica 32, Milano, Italy 


~~ O50; 





FB-1125 
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FLEXIBLE SHAFTS _ 


Glee: Me 3 


MEET PRODUCT DESIGN NEEDS 
THAT NO OTHER 
COMBINATION OF ELEMENTS 
CAN MEET SO SIMPLY 
AND ECONOMICALLY! 















































POWER DRIVES REMOTE CONTROLS COUPLINGS 


Lick the problems of designing smaller units . . . simplifying assembly 
... cutting production costs...with Robertshaw Flexible Shafting. | 
Eliminates all the restrictions imposed by rigid shafting and connections 
in transmitting power or control between two points. No alignment 
problems. Connected members can be positioned for greatest efficiency 
and space-savings. Weight can be reduced substantially in many units. 


Every inch of Robertshaw Flexible Shafting is “custom-made” to your 
exact needs for aircraft, automotive, appliance, machinery, radio, TV, 
electronic, portable tool and special applications. Complete engineering 
help on new or known uses. 


Write for Engineering and Design data 


7 © CONTROLS COMPANY 
Mr. Contrats 


FLEXIBLE SHAFT DIVISION - 110 Summit Ave., Chatham, N. J. | 


Catalogs and Bulletins continued 


(Q-68) Shaft Couplings—Catalog V- 
169-E, 8pp, gives specifications, list 
prices, ratings, dimensions of fixed 
bore, chain, flexible and rigid types. 
Browning Manufacturing Co., Mays- 
ville, Kentucky 


(Q-69) Sprockets and Gears—Folder, 
4 pp, give types available, dimensions, 
materials. E. B. Sewall Mfg. Co., 705 
Raymond Aves., St. Paul 14, Minn. 


(Q-70) Speed Reducers—Bulletin 
600-C, 8 pp, describes double-envel- 
oping worm gear reducers and gives 
specifications and horsepower ratings. 
Cone-Drive Gears, Div. Michigan 
Tool Co., 7171 E. McNichols Road, 
Detroit 12, Mich. 


(Q-71) V-Belts—Bulletin V-1400- 
B20-P, 8 pp, describes V-Belts avail- 
able for drives employed in heavy 
industrial applications and miscellane- 
ous light machinery. Contains a com- 
plete listing of multiple V-Belt sizes 
available. Worthington Corp., Oil 
City, Pa. 


(Q-72) V-Belts and Sheaves—Booklet 
20P50, 44 pp. In addition to provid- 
ing selection tables for A, D, C and 
D section variable speed drives, the 
booklet includes information on de- 
sign features, drive principles, horse- 
power rating tables for section belts, 
a speed range table showing the var- 
iation in rpm when using two sheaves 
in combination, and accessory equip- 
ment. Allis-Chalmers Manufacturing 
Company, 1002 S. 70 Street, Milwau- 
kee, Wisconsin. 


(Q-73) Planetary Gear Transmissions 
—Booklet, 8 pp. describes seven dif- 
ferent models of transmission for ap- 
plication to road building equipment, 
lift-trucks and similar equipment. 
American Gear & Mfg. Co., New 
Ave., Lemont, Ill. 


(Q-74) Variable Speed Drive—Folder, 
4 pp, describing speed reducers of 
V-belt type. Foote Bros. Gear & 
Machine Corp., 4545 S. Western 
Blvd., Chicago 9, Il. 


(Q-75) Variable Pulleys—Catalog 60- 
A, 18 pp, describes adjustable and 
combination pulleys, including access- 
ories, along with ratings and dimen- 
sions. Lewellen Mfg. Co., Columbus, 
Ind. 


E82 Product Engineering — Design Digest Issue 





TRANSMISSION 
non STOCK 108 


OFF-THE-SHELF DELIVERY 





BE COST-WISE - 
STANDARDIZE 





Select all the parts you need from 
the full line of 7124 standardized 
products listed in the BOSTON 
GEAR CATALOG. 


Get “off-the-shelf” delivery, any- 


e ZTE BEARIA 
where in U. S. or Canada, from 
local stocks at 100 BOSTON Tht We 
fl 


OSTON 


GEAR DISTRIBUTORS. 


For drive design or maintenance, 
it’s the trouble-free, cost-wise 
way to lasting TRANSMISSION 
ECONOMY. 

You simplify planning; you save 
time and expense; you get products 
top-rated for quality and perform- 
ance. Boston Gear Works, 71A 
Hayward St., Quincy 71, Mass. 


CATALOG No. 56 
lists all products; in- 
cludes 50 pages of sim- 
plified engineering data 
to help you plan lower 
cost drive design, plant 
maintenance, 


Order from your local 


BOSTON. 


DISTRIBUTOR at factory prices 


For nearest Distributor, look under “GEARS” 
in the Yellow Pages of your Telephone Book. 
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here’s how fi LO helps 


Oe enien Actor Unctionally they first “choice 0 f 
reduce complex design ms, Functi y, oO! 
many design engineers es wide range of oh 
positive action of cam followers on a is 
action that takes place in maintaining the pitch diameter diameter setting 
regardless of load—an exclusive rear he of HI-LO pulleys. Springs 
in HI-LO Br paca are not driving members as in most 
spring-loaded pulleys, but serve primarily to keep the pulley 
faces in contact with the belt. 

For FREE technical manuals with diagrams, Seuae of 
applications and other power transmission data, write 


Equipment Engineering Company 


2855 Columbus Ave., Minneapolis, Minnesota Dept. 75 








Solve Your Misalignment Problems With 


DYKMAN Sphere-Gear FLEXIBLE COUPLINGS 


(Barcus Patent 2303813) 


Floating sleeve carrying internal gears 
which permanently engage the Sphere- 
Gear teeth of the hubs. 

Hubs with generated Sphere-Gear. 


Oil seal of flexible synthetic material im- 
pervious to oil. 


Clearance between hubs to allow for end 
play of shafts. 


5 Gasket between flanges to insure oil- 
tight seal. 


6 Bolt holes counterbored, leaving no pro- 
jections. 


7 Oil hole with safety setscrew. 
8 Cushion washer. 
This coupling is DIFFERENT. Hub teeth are generated on a segment of a sphere. When 


engaged with the annular teeth, it is possible to maintain uniform velocity even when the 
coupling is operating at 4° angular misalignment. 


AVAILABLE DESIGNS 


FLOATING SHAFT @ HANGING LOAD e MARINE @ AIRCRAFT @ SHEAR PIN e 
FLANGELESS @ SINGLE ENGAGEMENT e SPECIAL DRIVE ASSEMBLIES 


Write for brochure describing these problem-solving couplings. 


DYKMAN MANUFACTURING CORP. 


320 Broadway, New York 7, N. Y. 


| 











Have Your Own 


copies of 


PRODUCT 
ENGINEERING 


mailed right to you 
at home or office 


The cost is low... 

the value and con- 

venience great. Just 
fill out the 


coupon below. 


Product Engineering 


One year at $5.00 
Two years at $8.00 
[} Check Enclosed [} Bill Me 


Name 

Title 

Company 
Address 

City and Zone 


State 
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FIRST CHOICE IN THE WEST 


¢ For specialized gear engineering 
¢ Precision gear manufacturing 


a te? — ¢ And exacting product assembly 
N 4 a 
a yy It’s more than a matter of pride that makes us point out 
our leadership—we feel it is an obligation, an obligation 
to bring you the same high standards of quality and prod- 
uct that have put Advance Gear into the west’s number 
one spot. 

Our engineering department is thoroughly capable—no 
problem has ever stumped them. 

Our precision gear manufacture continually surprises 
ee ~— who built our machines. 
ve feces + on our product assembly is an abso- 


tate satisfaction. 
Re SY ; tein var Bi would be happy to help you 
olga 
a : 


ADVANCE GEAR AND MACHINE CORP. 


5851 HOLMES AVE. «+ LOS ANGELES 1, CALIFORNIA 
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Simple as 


to 
machine 


magnet 
body 


friction 
lining(s) 


\? 





magnet 


armature 
coil 


True — there’s a bit more to a Stearns electro-magnetic 
Clutch than you see here. BUT BASICALLY — this is 
it! No moving parts except friction linings. Compact, for 
simple installation. Low inertia to the driven end — as the 
driven member carries only the friction elements. 


CHECK THESE FEATURES... 


% AUTOMATIC OR MANUAL CONTROL. 
Push buttons or electric eye provide unlimited clutch appli- 
cation for controlling a machine and its source of power. 


% LONG, EFFICIENT LIFE. 
No metal-to-metal contact — the only wear is on the oversize 
friction linings, and lining wear increases rather than decreases 
torque. Low, even pressure over a large area eliminates fre- 
quent adjustment, and costly maintenance. 


% SMOOTH ACTION — LOW INERTIA. 
When electrical contact is closed, clutch is energized — pick- 
ing up load with practically no jerk or jar to the coupled 
machinery. 


% WIDE TORQUE RANGE. 0.4 to 120,000 Ib ft 
— from business machines to ball mills and larger. Well over 
100 standard clutch and clutch brake combinations, or custom- 
designed units to match your machines. 


% SIMPLE INSTALLATION — QUICK, EASY ADJUSTMENT. 
Compact, simple design permits fast, easy installation. Arma- 
ture is threaded in clutch cage, permitting you to compensate 
for wear in minutes . Many users report “not one cent of main- 
tenance” — even in heavy round-the-clock operations where 
abrasive atmospheric conditions exist. Quiet, cool-running. 


Call your local Stearns representative — or write for complete 
Clutch Bulletin No. 226 K 10 


ELECTRIC CORPORATION 


120 NORTH BROADWAY « MILWAUKEE 2, WISCONSIN 
@ CLUTCHES 
/ . a 
scorn > — 





Catalogs and Bulletins continued 


(Q-76) Speed Reducer—Bulletin 
LMA, 15 pp, describes in-line re- 
ducers and drives suitable for use with 
foot-mounted motors. Foote Bros. 
Gear & Machine Corp., 4545 
S. Western Blvd., Chicago 9, IIl 


(Q-77) Miniature Universal Joint 
Bulletin, 1 p, describes joint said to 
have zero backlash and operating on 
welded ball assembly. Falcon Ma- 
chine & Tool Co., Inc., 209 Concord 
Turnpike, Cambridge 40, Mass 


(Q-78) Power Transmission Equip- 
ment—Brochure, 12 pp, describes 
flexible couplings, variable speed pul 
leys and transmissions, universal joints 
and motor bases. Information includes 
operating data, horsepower ratings 
sizes and types. Lovejoy Flexible 
Coupling Co., Dept. PEN, 4800 W 
Lake St., Chicago 44, Ill 


(Q-79) Magnetic Power Transmission 

Bulletin 226-D, 7 pp, describes 
magnetic clutches and brakes, provid- 
ing selection dates, ratings, dimen- 
sions. Stearns Magnetic Inc., 612 S 
28th St., Milwaukee, Wis. 


(Q-80) Sprockets—Catalog 200, 14 
pp, describes hub, plate, fixed bore, 
tapered bushing types along with rol- 
ler chain. Cullman Wheel Co., 1344 
Altgeld St., Chicago 14, II. 


(Q-81) Power Take-offs—Bulletin 
308, 8 pp, provides horsepower and 
torque capacities, side pull limita- 
tions, and dimensions for all take-off 
clutches. Twin Disc Clutch Co., Ra- 
cine, Wis. 


(Q-82) Fluid Power Units—Bulletin 
44200-A, 12 pp. Contains diagrams, 
charts and data. Oilgear Co., Milwau- 
kee 4, Wis 


(Q-83) Hydraulic Pump Motors—Bul- 
letin 22, 7 pp, describes rotary gear 
pumps used to convert fluid pressure 
and volume into torque or horsepower. 


G. D. Roper Corp., Rockford, Ill 


(Q-84) Solenoid Valves—Catalog 200, 
22 pp, describes line of electrically 
operated two-way solenoid valves for 
air, gas, steam and liquid flow control. 
Lists available dimensions, specifica- 
tions, pressures, applications and in- 
cludes price list. Atkomatic Valve Co., 
Inc., 545 W. Abbott St., Indianapolis, 
Ind. 
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THE HIGH-PERFORMANCE 
LOW-COST ACTUATOR 
FOR VOLUME PRODUCTS 





You can Actuate it Smoother, 





Simpler, Surer, Speedier and 


Usually Cheaper with the World’s 
Most Efficient Roto-Linear Device 





TYPICAL APPLICATIONS BETTER ACTUATION with LOW POWER, LOW COST! 


@ Automatic Garage Doors Die Table Positioners 


. 

FORWARD: 

e@ Automobile Seat Adjust e Drill Presses screw fned—aet travels * nn ed 
a 

e Hospital Beds omann motion - 7. “ 

7 © screw, e nut is 

HMMMM TS driven along the axis of 

WAAL the screw, changing rotary 

motion to linear motion 

with over 90% efficiency. 


ers and Window Lifts 
e Barber and Beauty Chairs Lifters and Lift Trucks : input 
e@ Bumper Jacks (Lift Tables) 
@ Circuit Breakers @ Marine Steering Gears 
@ Convertible Top Lifts e@ Welding Machines 


7 STANDARD SIZES 


Balt crcie ioe 
Diameter Ball Swe Lead FORWARD: am avery °7 nut fixed—screw travels 
0625 125 664- motion is applied to the ! 


375 

ae ae ~~ b/b nut, the screw is 
28125 “41304 967- driven olong its longiwde eseeanenoon-! 
34375 ATHS 548- nal axis, changing rotary § 
375 500 


— i tii ' 
cot motion to linear motion = “t 
500 .660 . SS 
with over 90% efficiency. — 


FREE ENGINEERING HELP GIVE YOUR PRODUCT THESE PROFIT-BUILDING 
If you are currently using some other method of a 
actuation—or think that the bb Screw could PRODUCTION AND SALES ADVANTAGES: 
improve the performance and sales appeal of your 1 With friction cimost elimincted, the b/b The b/b Screw is smaller and lighter than 


' P ’ Screw hos o guaronteed minimum efficiency comporable units; permits smaller motors 
product, but are not sure how to apply it—let’s of ; : 
6 ti " d b , off Mi r] 
get our heads together. Experienced Saginaw engi- paEe—peners wp te 6 tase boner es ee 


thon acme screws. ouxiliary parts 
neers, who have solved thousands of actuation 2 Because of its for greater efficiency, the b/b Smooth, almost frictionless operation ossures 
problems, are at your service without obligation Screw requires for less torque—soves up to long, troublefree b/b Screw life even in 
Just write or phone us your requirements—or fill 85% on opercting power or manvol effort. extreme temperatures and with lock of lube! 
in and mail the handy coupon below 


.| 
+ 
‘ 


Perry ervey yt yr) 


SEND TODAY FOR FREE 36-PAGE 
ENGINEERING DATA BOOK... 


WORLD'S MOST | Saginaw Steering Gear Division 
| General Motors Corporation 

EFFICIENT el 

b b Screw and Spline Operation 
ROTO-LINEAR Dept. 11J, Saginaw, Michigan 

DEVICE! Please send new engineering data book on Saginaw b/b Screws and 
Splines to 
NAME 
COMPANY 


SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS © SAGINAW, MICHIGAN ADDRESS 


WORLD'S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES CITY 


Product Engineering — Mid-October, 1957 





STANDARD TRANSMISSIONS 


. . « for industrial and agricultural 
machinery, automotive trucks, trac- 
tors, refuelers, industrial shovels, 
cranes, shop and lift trucks, con- 
crete mixers, road machinery, 
diamond drills, machine tools, 
feed boxes, gear heads ... 
send for cataleg and com- 
plete information . . . for 
SPECIAL TRANSMISSIONS 

. consult our experienced 
engineering department for 
preliminary designs—no obli- 
gation. 


Model 9400 


Model 9300 





n Geometric Pr gressio 


Special ratios at extra cost 


WESTERN ANSMISSIONS 


WESTERN MANUFACTURING COMPANY 
3400 Scotten Ave. DETROIT 10, Michigan 





Catalogs and Bulletins continued 


(Q-85) Directional Control Valves — 
Bulletin 80300, 16 pp, includes details 
of valve body construction and func- 
tions of standard and special plungers 
Oilgear Co., 1578C W. Pierce St., 
Milwaukee 4, Wis. 


(Q-86) Compressors—Booklet, 12 pp, 
with flow charts in colors describes a 
means whereby compressors can be 
staged in conjunction with the use of 
a wide range coil. The horsepower 
required for the first stages is reduced 
compared with ordinary air condition- 
ing methods. A. I. McFarlan Co., 90 
West St., New York 6, N. Y. 


(Q-87) Delivery Pump Bulletin 
46000, 8 pp. Construction, operation, 
speeds, capacity and pressure ratings 
of constant displacement radial piston 
pumps. Oilgear Co., 1578C W. Pierce 
St., Milwaukee 4, Wis 


(Q-88) Hydraulic Gear Pump—Book- 
let, 16 pp. Describes test results and 
performance tables of gear pumps. 
Cessna Aircraft Co., Industrial Hy- 
draulics Div., Hutchinson, Kan. 


(Q-89) Internal Gear Rotary Pumps— 
Catalog, 20 pp. Contains data charts 
and performance figures. Wayne 
Pump Co., 213 Tecumseh St., Fort 
Wayne, Ind. 


(Q-90) Rotary Gear Pumps—cCatalog, 
14 pp. Contains data on viscosities 
and pipe velocities of pump sizes 
from 4% to 146 gpm. Northern Ord- 
nance Inc., Dept. 106, Columbia 
Heights Station, Minneapolis, Minn. 


(Q-91) Air Cylinders—Catalog 110, 
11 pp. Contains data on valves and 
cylinders ranging from 1% through 
14 in. in bore sizes. S-P Mfg. Corp., 
30201 Aurora Rd., Solon, Ohio 


(Q-92) Hydraulic Cylinders—Catalog 
104, 4 pp, includes engineering, di- 
mensional data, parts cross-sections, 
mounting brackets, rod clevises, and 
special cylinders. Galland-Henning, 
2762A S. 31 St., Milwaukee 46, Wis. 


(Q-93) Hydraulic Control Valves and 
Pumps—cCatalog, 72 pp. Contains dia- 
grams, data and price list. Gresen 
Mfg. Co., 628 Colfax Ave. N., Min- 
neapolis 11, Minn. 
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ALLSPEED DRIVE 





MOTOR DRIVE 


New Worthington variable speed drives give you 


ACCURATE SPEED REGARDLESS OF LOAD 


Once you set the speed on a Wor- 
thington variable speed drive, the 
pulley holds it—maintaining accurate 
speed control regardless of load. 
This unique feature is the result 
of “positive pulley adjustment.” Un- 
like spring-equipped drives which 
constancly maintain maximum belt 
tension to meet occasional peak 
loads, belt tensions in a Worthington 
drive never exceed the actual load 


transmitted. Peak and momentary 
starting loads are transmitted just 
as smoothly as they would be with a 
standard fixed speed V-belt drive. 
Positive pulley adjustment also 
results in compact design with in- 
herently long belt life. Wide-angle 
V-belts offer deep side walls for high 
power capacity with minimum belt 
pressure. The large diameter belt 
assures smooth, efficient operation 


h little wear 

The new 
Drives are avail: 
5 hp, in speed v: 
The new Mot 
through 25 hp, 
to 10:1 

For more informat 
descriptive book] 
tion MV-712, Worthi: 


tion, Oil City, Pennsylvania. 


WORTHINGTON 


Ss 


ae 
—_——_ 
a or 
7 SUITIBIIES (4 
iD 


aoe 
I sith 
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ADVANTAGES OF 


FLEXIBLE SHAFTING 


For Power Drive and Remote Control 


by C. Hotchkiss, Jr. 
Application Engineer. 


Stow Manufacturing Company 


Flexible shafting has the following 
advantages over other type drives: 


1—it is often the simplest method 
of transmitting power between 
two points which are not col- 
linear or which have relative 
motion 


eliminates exposed _ revolving 
parts 


does not require accurate align- 
ment 


4—-easy to install and maintain 


Not Collinear—Where it is neces- 
sary to connect two shafts which 
are not collinear, a simple arrange- 
ment of a single belt or two uni- 
versal joints will often do the job 
adequately. But, in many cases 
where the path of transmission is 
more complicated and would re- 
quire a more expensive arrange- 
ment of mechanical components, 
flexible shafting provides a simple, 
low cost, efficient drive which is 
easy to install because it does not 
require accurate alignment. See ex 
ample, figure 1, in which a 1% inch 
Stow flexible shaft is used to drive 
the auger on a G.L.F. bulk feed 
truck. 

Flexible shafting also allows the 
designer greater freedom in locat- 
ing either the drive or the driven 
component on a piece of equipment. 





STOW MANUFACTURING COMPANY 


Relative Motion—Where two shafts 
which have relative motion must 
be connected, flexible shafting is 
often the ideal means of transmis- 
sion. In many cases it eliminates 
a much more complicated drive 
which would, necessarily, include 
telescopic joints; further, it elimi- 
nates the danger of exposed moving 
parts. See figure 2, which shows a 
% inch Stow flexible shaft driv- 
ing an Avery Rake built by the 
Minneapolis Moline Company. 


Fig. 2 


Other typical applications of this 
type are used on portable power 
tools when motors are too heavy to 
be mounted on the tool—such as 
portable grinders, sanders, paint 
scrapers, saws and tree tappers. 
And, since flexible shafting is not 
affected by vibration, it is an ideal 
drive for applications where a high 
degree of vibration is involved 
such as in vibration testing tables 
and concrete vibrators. 


Stow flexible shafts are available: 
for power drive applications in 
diameter sizes from % inch to 1% 

inches; for remote control applica- 
tions in diameter sizes from % inch 
to 1% inches. The 1% inch power 
drive shaft will transmit up to 10 
HP while the 15% inch remote con- 
trol shaft will transmit up to 4000 
lb. in. 


For complete engineering data on 
flexible shafting, including selection 
charts, write for engineering Bul- 
letin 570. 


426 STATE STREET, BINGHAMTON, NEW YORK 


E90 


Catalogs and Bulletins continued 
(Q-94) Air and Vacuum Pumps—Cat- 
alog 755, 12 pp, describes line of air 
motors and gas pumps. Leiman Bros., 
Inc., 164 Christie St., Newark 5, N. J. 


(Q-95) Hydraulic Cylinders for Large 
Equipment—Bulletin 79000, 6 pp, 
gives cross-sectional drawings, dimen- 
sions, ratings, other data. Oilgear Co., 
1560 W. Pierce St., Milwaukee 4, Wis. 


(Q-96) Hydraulic Pumps, Valves — 
Booklet, 24 pp, contains descriptive 
folder, engineering drawings, price list. 
Simplex Engineering Co., Zanesville, 
Ohio. 

(Q-97) Air and Hydraulic Valves and 
Feeds—Booklet, 70 pp. Diagrams, 
specifications and data on air and hy- 
draulic valves and other components 
Beckett-Harcum, Wayne Rd., Wil- 
mington, Ohio. 


(Q-98) Rotary Gear Pump—Booklet, 
14 pp, gives dimensions, ratings, other 
data on steel block pumps. Northern 
Ordnance Inc., subsidiary Northern 
Pump Co., Columbia Heights, P. O., 
Minneapolis, Minn. 


(Q-99) Pumping—Booklet, 35 pp, dis- 
cusses pumping system problems, deals 
with rotary gear pumps and contains 
data on hydraulic and fluid transfer 
problems, friction loss, viscosity, pump 
construction and design. G. D. Roper 
Corp., Rockford, Ill. 

(Q-100) Pump Troubles—Bulletin PC 
508, 4 pp. Cartoons picture problems 
evolving from rotary, centrifugal and 
steam pumps. Worthington Corp., 
Harrison, N. J. 
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Product 
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Product Engineering is 
the only subscription 
magazine serving 
product design 


research and develop- 
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---Cut costs; improve product quality! 


HERE is no finer recommendation for the quality of the product 

you make than to be able to say it is “EQUIPPED WITH 
FAIRFIELD GEARS!”’ For thirty-five years, Fairfield has been one 
of America’s largest independent producers of accurate, automotive 
type gears for leading builders of industrial, construction, agricultural, 
marine, and automotive equipment. 
Fairfield’s facilities are unexcelled. Here “‘under one roof’’ at Fairfield 
in a new, ultra-modern plant is everything needed for producing fine 
gears — metallurgical department, batteries of the most modern 
machines, testing laboratories, complete heat-treating facilities — 
all operated by skilled craftsmen working under expert engineering 
supervision. 
If you use GEARS in the product you build, we believe it will pay you 
as it has others to check with Fairfield on all of your requirements. 
Fairfield offers (1) Mass Production Economy, (2) Unexcelled Quality, 
3) Dependable Service, (4) Expert Engineering Recommendations. 
YOUR INQUIRY WILL RECEIVE PROMPT ATTENTION. 


PEN UR 8b Db 


) MANUFACTURING CO. 


2345 South Concord Road * Lafayette, Indiana 





eowererw as 


Z > () 

<fFine Cjears Made to Order 
SPUR GEARS — Straight, helical, and in HYPOID — Sizes from | to 28" dia 
ternal. Sizes from 16 pitch, | dia., to 

I'/> pitch, 36” dia. 
HERRINGBONE — [Fellows Type). Sizes wonns & WORM GSAnS Ww 
~ , — Werms tc 

INTERESTING wom Fry tO". 


+ 


7” dia. Worm gears to 36” dia. 





ZEROL — Sizes from 1/6 pitch, | dia 
to | pitch, 21" dia 


SPIRAL BEVEL — Sizes from 16 pitch 
ILLUSTRATED I\/>” dia., to 1'/> pitch, 28” dia. SPLINED SHAFTS — Lengths to 72 


BULLETIN STRAIGHT BEVEL — Sizes from 16 pitch, DIFFERENTIALS — 10,000 to 300,000 inch 
1'/>" dia., to | pitch, 28” dia pounds capacity 


Note: All of the sizes above are approximote 
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PREMIUM GEARING 


There’s 
1638 Duti-Kaléd COMBINATIONS 


a 
girl 


in 


. . . Whose one job is to 
expedite delivery of your 
requests for “New Catalogs 
and Bulletins” to the manu- 
facturers concerned. 

The job keeps her busy, 


too. She handles several 


150 WORM GEAR COMBINATIONS thousand requests from 


Product Engineering 
IN STOCK: 


Horsepower Ratings....1 to 100t 
Center Distances 2” to 12” t 


Need worm gear and worm sets? There is é 
economy and convenience in choosing them So check the “New Cata- 
from the many Foote Bros. worm gear com- 
binations available from stock. This is the 
same gearing used in famous Foote Bros. if vou haven't already done 
HyYGRADE Enclosed Worm Gear Drives. . . gress aS 
engineered, premium quality gearing at pro- so. You'll find a lot of use- 
duction-run prices. 

Engineering Manual SW No. 1 has com- 
plete details. Write for your copy. ... and any of it is avail- 





readers every month. And 
she’s anxious to be of serv- 


ice to you whenever she can. 


logs and Bulletins” insert 


ful information listed there 


+ Tooling available for larger worm gear sets, engineered, able to you promptly and 


but not stocked, to 200 HP and 18” centers, Prompt deliveries, without cost 


ENGINEERING SERVICE 


Let us help you select standard helical or worm gearing fo meet your @-"———— © 
special requirements, or, let us design and build your complete unit. 
Place your gear problems in the hands of experienced power trans- 


oo gear engineers. Your inquiry is invited, and there’s no Prod uct 
aes 7 Engineering 


stands for the finest 7 wee 2 ~ ey “ewer wereemes 


my 
TLE te LL LL 
industrial gearing made _— er 








FOOTE BROS. GEAR AND MACHINE CORPORATION 
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Winzeler-Made Compound Stock Dies Bring You BIG Savings... 
They Produce A Complete STAMPED Gear In One Station! 


Gearing Stamped by WINZELER, from simple 
spurs to big wide face Gears, measures up to a 
remarkable degree of accuracy. 


WINZELER Stamped Gearing is used success- 
fully in many unusual applications, with BIG 
savings in assembly time and original cost. 


ee 


Delivery speed and product accuracy are now 
greater than ever in this new, specially de- 
signed, efficient one-floor plant. 


We stamp Gears from any material. Sizes: 8 to 
120 d.p., from .006 to %" thickness... and up 
to 7 inch diameters. 


Extremely accurate tooling, stamping and 
assembling by staking, brazing or riveting is 
performed with speed and accuracy. 


Now, for many purposes, single Stampings are 
laminated and indexed to make wider faces, 
at savings up to 60%! 


WINZELER successfully Stamps and shaves 
Gearing from 8 to 16 d.p., from BAKELITE up 
to “%" thick, Teeth are sharp, accurate. 


EXTREME UNIFORM ACCURACY IS ASSURED 


WINZELER Gearing is STAMPED, with a degree of precision you never 
thought possible. Production runs, by the thousands, speed through modern 
machines with consistently uniform accuracy. All Gears are made in com- 
pound dies that insure concentricity and flatness. A complete Gear is pro- 
duced in one station. % More and more progressive manufacturers from 
coast to coast are turning to WINZELER Stamped Gears for big savings in 
original cost and assembly downtime. A wide range of STOCK DIES brings 
you big added savings. Tell us your needs. Write or phone us today. Cost 
estimates gladly given without obligating you at all. Ideas, suggestions, too 


MAIL THE 
COUPON Gentlemen: 


| 7355 W. WILSON AVENUE, CHICAGO 31, ILLINOIS 


Please mail to me at once, copies of the free 


FOR FREE | WINZELER Stamped Gear Folder and Stock Die List. 


STAMPED 
GEAR FOLDER 
AND STOCK 


| 
NAME 


Oe 





GEAR DIELIST \“°°**S 


tory 


NE OM 
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here's a guide to... <@| _ 
better | Selle healt 


SPEED REDUCER. — 
performance! . . | Engineering 


New Grout | 


CATALOG fe Product Engineering is 
Grant Gear Works produces a complete line of eight basic the only subscription 


types of speed reducers in a wide range of capacities . . 
worm and gear in single and double reductions, heli al and 


. = . . 
mitre gear ... with reduction ratios up to 3660 to 1. The entire magazine serving 


line incorporates such quality features as cast-iron housings, 


radial trust ball bearings and precision high-test bronze od d : 
| aed 2a ezadeer product design 


gears to assure trouble-free operation. 


: +i to the standard line of speed reducers, 
in addition Grant will design and. engineer models to bh & research and develop- 
meet your exact production needs. y 


Write for your free Grant catalog with details, illustrations and speci- a, ment engineers. 


fications on speed reducers, stock gears and sper ial gears. 
GRANT GEAR WORKS INC? 20K? Mss 


WHY BE LOW MAN ROUTING 
ON THE ROUTING LIST-— ge 


Have your own personal copy of LA. 
Product Engineering 
sent to your home or office each Monday 

















(Fill in—cut out—mail) 


Enter my subscription for Product Engineering 


Name 

Title 

Company 

Address 

City = 


C) Payment Enclosed JO Bill Me C) Bill Company 











No. employees in your department 


Products developed— : Prices 

U. S.: 1 year—$ 5 
Canada: 1 year—$ 7 
All other: 1 year—$25 


Subscription Department 
McGraw-Hill Building 
New York 36, N. Y. 
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USE TIME-SAVING 
COUPONS BELOW 


- «+ to request further information on 


all products advertised in this Digest Section 


- « » to request your copies of product catalogs 
and bulletins listed and described in this section 


(you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- If you have specific questions to ask about any 
ning on page 15, when you want product advertised, a letter direct to the manu- 
all available information on a facturer, at the address given in his advertise- 
particular type of product; this ment, will be welcome. For clarity and prompt 


edgy di = service, include reference to PRODUCT ENGI- 


gest Issue by manufacturers of NEERING’s Design Digest Issue, and page num- 
this type of product. ber of the advertisement prompting your letter. 


Circle these numbers for further information about Circle these numbers for further information about 
advertisers appearing in this section (E) advertisers appearing in this section (E) 


E28 E29 E30 E31 E32 E34 E35 E28 E29 E30 E31 E32 E33 E34 
E38-9 E40 E41 E42 E43 E45 E46 E38-9 E40 E41 E42 E43 E44 E45 
E48 E49 E50 E51 E52 E54 ESS ES6 E48 E49 E50 E51 E52 E53 E54 
ES7 ESs8 ESS E60 E61 E63 E64 E65 ES7 Ess ES9 E60 E61 E62 E63 
E68-9 E70-1 £72 E73 ETR74 E75 E76 E66-7 E68-9 E70-1 E72 E73 EL74 ETR74 
EL78 ETR78 EBR78 E79 E81 E82 E83 E77 EL78 ETR78 EBR78 E79 E80 E81 
EB84 EL90 E91 ET84 EBS4 
ELS2 E93 


Circle these numbers for your copy of bulletins Circle these numbers for your copy of bulletins 
listed in this section (E) listed in this section (E) 


Qi Q2 Q3 a4 Qs Qé Q7 Qs Qi Q2 Q3 Q4 Qs Qé Q7 Qs as 
Qqi0)06Qii 0S QQ02sQQ3—C 45 QQGé—iéiQLL? Qi0 Qaiz2 @i3 Qi4 Qi5 Qié Qi7 qis 
Qis §6©Q20)0«6©Q21)0—Q22. 2324 25 26 qis Qazi 6Q22)0 Q23——Q24 252627 
Qaze 0 06Q29) 303132333435 Q28 Q300 Q31ss 32S CK OS QE 
Q37 «=6«Q38)«=©6Q39) 40 414243 QA Q37 Q39 6. Q40)0  Q42—iCQ42 SCO QKKA OQ 
Qa4e 6Q47)0 «6480 64900 50 0S Q51 0S Q52 Ss 53 Q46 ass 694906 6Q500 Co Q51 0 Q52 5354 
Q55 Q56 Q57 Q58 Q59 Q60 Q61 Qé62 Q55 Qs7 ass Q59 Q60 Q61 Q62 63 
Q64 Q65 Q6é7 Qé9 q7i Qé4 aécé Q6é7 Q6és Q69 Q7o0 Q7zi Qi2 
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NEW BOOKS 
Mechanical Parts & Design Analysis 





Bearing Design and Application 6) 
Donald F. Wilcock and E. Richard 
Booser, General Electric Co. 6 x 91 
in., 470 pp. Published by McGraw- 
Hill Book Co., 330 W. 42 St., New 
York 36, N. Y. $12.50. 


A practical guidebook for the ma- 
chine designer in selecting and design- 
ing bearings, with emphasis on se- 
lection and calculation methods for 
integrating the bearing design, the 
bearing material and the bearing lubri- 
cant into a workable unit 

Among the subjects covered are 
analysis of load capacity, speed, tem- 
perature, dimensional tolerance and 
lubrication factors in selecting ball and 
roller bearings; combination of the 
latest digital computer analysis with 
bearing material and lubricant selec- 
hydrodynamic and 


thrust bearings; reciprocating bearing 


tion in journal 
design methods for automotive and 
diesel use; and lubrication system de- 
signs. Included are systematic trouble- 
shooting techniques for analyzing and 
eliminating difficulties. 

Frequent numerical examples help 
give a comprehensive picture of the 
factors entering bearing design and 
application problems in almost all 
types of industrial equipment, turbine, 
motor, automotive, appliance, aircraft, 
nuclear power and military units. 


Engineering Analysis by Stephen 
H. Crandall, Massachusetts Institute 
of Technology, 92 x 6 in., 417 pp. 
Published by McGraw-Hill Book 
Co., 330 W. 42 St., New York 36, 
N. Y. $9.50. 


This book deals with the analysis of 
engineering problems of great com- 
plexity and the methods for organiz- 
ing practical programs for their nu- 
merical solution, and, therefore, is of 
great interest to engineers or engineer- 
ing mathematicians 

A special feature is the arrangement 
of material according to a natural clas- 
sification of the basic types of prob- 
lems in engineering analysis. Three 
items frequently omitted in engineer- 
ing mathematics courses are developed 


E96 


in the matrix notation, the cal- 
culus of variations, and the theory of 


characteristics of partial differential 


text 


equations. 

Three broad classifications of prob- 
recognized: equilibrium, 
Eigenvalue and propagation problems 
Several examples are given in each 
chapter to identify the class of prob- 
lem being treated. These examples are 
drawn from the fields of elasticity, 
heat transfer, fluid mechanics, and 
electric circuits. The classical mathe- 
matical behavior of such systems is 
then briefly outlined before attacking 
the numerical procedures. 

Procedures suitable for hand com- 
putation and for automatic machine 
treated, including 
iteration, relaxation, perturbation, vari- 
ational and finite difference methods 


lems are 


computation are 


Vibration Analysis Tables by R. E. 
D. Bishop and D. C. Johnson. 8/2 
x 11 in., paperbound, 58 pp. Pub- 
lished by Cambridge University 
Press, 32 E. 57 St., New Yerk 22, 
N. ¥. $2. 

These tables may be used to sim- 
plify the calculation of the natural fre- 
quencies of conservative systems. They 
will help the engineer to find a close 
approximation of those frequencies at 
which it would be dangerous to stimu- 
late a system in the presence of light 
damping. Equally, if it is desired, a 
very close estimate can be made of 
the shapes of distortion of a lightly 
damped system at its resonant condi- 
tions, since these shapes differ little 
from the appropriate principal modes. 

When it is necessary to estimate the 
response of a damped system to a 
given harmonic excitation at a near- 
resonant frequency, it is still possible 
to use many of the results that are pre- 
sented. Thus a damping element such 
as a viscous dashpot, may be regarded 
as a sub-system and the stiffnesses of 
the shafts in the torsional systems of 
the tables may be made complex. In 
general, the effect of introducing linear 
damping into analysis is to make re- 
ceptances complex without otherwise 
impairing their usefulness. 


Cams by Harold A. Rothbart, 6 x 9 
in., 350 pp. Published by John 
Wiley & Sons, 440 Fourth Ave., 
New York 16, N. Y. $9.50. 


This book is written primarily for 
the designer concerned with creating a 
mathematical function, motion, mech- 
anism, machine or mechanical com- 
puter. The cam mechanism most easily 
fulfills many of their requirements 

The investigation of this broad sub- 
ject of cams required both theoretical 


(1) 


rela- 


and practical excursions into 


kinematics, which considers the 
tive motions of constrained, rigid 
members; (2) 


vestigates the 


dynamics, which in- 
masses, accelerations, 
and elasticities of the members; and 
(3) machine design, which resolves 
the practical construction and propor 
tion of parts and considers the fabri 
cation accuracy. 

Besides the diversified cam applica- 
tions, the presentation of the advanced 
chapters is aimed toward the expand- 
ing field of high-speed machinery. In 
this category, vibrations play an essen- 
tial part. To date, the subject of cams 
was regarded only as part of the study 
of kinematics, and the following rele- 
vant points were not included: (1) the 
shape of the acceleration curve, which 
provides information vibrations, noise, 
and wear; (2) the flexibility and back- 
lash that exist in most systems; and 
(3) the accuracy of cam profile in 
terms of its effect on the perform- 
ance of the mechanism. These points 
are pertinent to the study of high- 
speed operation in which the designer 
can no longer ignore the necessity of 
more sophisticated mathematical study, 
related, of 
phases of 


course, to the practical 
the problems. However, 
mathematical treatment is kept to a 


practical minimum. 

In the later chapters a discussion of 
profile accuracy and errors is offered 
Poor manufacturing techniques can 
seriously impede the functional ability 
of a mechanism or machine. Accuracy 
of manufacturing is discussed with the 
methods utilized to achieve this preci- 
sion as determined by experience and 
the available equipment. 
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Mechanical 


Parts and Design 


Analysis 


Computing Mechanisms—! 

Computing Mechanisms—Il 

Rectangular Strength and Stiffness in 

Bending of Structural Metals 

Material Recommendations for Special Bearing Applications 
by William Blinder 

Characteristics, Uses and Limitations of Gaskets 

Metal Gasket Design 

Determining Oscillatory Accelerations 

by Joseph F. Sodaro 

Deflections of Cantilever Beams with Changing Cross Sections 
by W. R. Leopold 

Design Chart for Maximum Tangential Stress in Thick-walled 
Cylinders by T. Ranov 

Operation and Characteristics of Thermostats for Engine 
Cooling by S. H. Blazey 

Formability Index for Minimum Bend Radius 

by William W. Wood 

Simplified Graphical Integration for Solution of Beam Problems 
by W. L. Vaughan 

Radius of Curvature of Parabolic Cams 

by Rudolph Gruenberg 

G Loading of Rotating Bodies 

by Carl P. Nachod 

Designing for Vibration and Shock Resistance 

by T. M. Billings 

Natural Frequencies of Beams and Design for Shock and 
Vibration by J. J. Kerley, Jr. 

17 Ways of Testing Springs 

by C. J. McClintock 

Water Lubricated Bearings 

by Stanley Abramovitz 

Sleeve Bearing Alignment 

by R. J. Sollohub 

Unusual Applications of Miniature Bearings 

by R. H. Carter 

Proper Hole Design Can Reduce Part Cost 

by Fred Rogers 
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AND PNEUMATIC 
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Computing mechanisms-—| 




















(A) Bevel-geor 
differential 


Fig. 1—ADDITION AND SUBTRACTION. Usually 
based en the differential principle; variations depend on 
whether inputs: (A) rotate shafts, (B) translate links, (C) 
¢ igularly displaced links. Mechanisms solve equation: 
z—c (x+y), where c is scale factor, x and y are inputs, 


Function 
siot 
yr (x) 


/nput 
geor 


Fig. 2—FUNCTION GENERATORS mechanize specific 
equations. (A) Reciprocal cam converts a number into 
its reciprocal. This simplifies division by permitting 
simple multiplication between a numerator and its de- 
nominator. Cam rotated to position corresponding to 
denominator. Distance between center of cam to center 


1~ 


a 


Fig. 3—(A) THREE-DIMENSIONAL 
functions with two variables: =—f (x, y). Cam rotated 
by y-input; x-inputs shifts follower along pivot rod. 
Contour of cam causes follower to rotate giving angular 
displacement to z-Output gear. (B) Conical cam for 


CAM _ generates 





Sliding - link 


(C) Rotot ng- nr 
differential d 


fferentioa 


and = is the output. Motion of x and y in same direction 
results in addition; opposite direction—subtraction. Nine- 
teen additional variations are Illustrated in “Linkage 
Layouts by Mathematical Analysis,” Alfred Kuhlenkamp, 
Product Engineering, page 165, August 1955. 





Aligning 
sight 


Leod 
screws 

















= 














of follower pin corresponds to reciprocal. (B) Function- 
slot cam. Ideal for complex functions involving one 
variable. (C) Input table. Function is plotted on large 
sheet attached to table. Lead screw for x is turned at 
constant speed by an analyzer. Operator or photoelectric 
follower turns y output to keep sight on curve. 




















squaring positive or negative inputs: y—c (+ x)*. Radius 
of cone at any point is proportional to length of string to 
right of point; therefore, cylinder rotation is proportional 
to square of cone rotation. Output is fed through a gear 
differential to convert to positive number. 
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MECHANICAL PARTS AND DESIGN ANALYSIS (F) 





Analog computing mechanisms are capable of virtually instantaneous response to 
minute variations in input. Basic units, similar to the types shown, are combined to 
form the final computer. These mechanisms add, subtract, resolve vectors, or solve 
special or trigonometric functions. Other computing mechanisms for multiplying, 
dividing, differentiating or integrating are presented on pages F-4 and F-5. 





Fig. 4—TRIGONOMETRIC FUNCTIONS. (A) Scotch- 
yoke mechanism for sine and cosine functions. Crank 
rotates about fixed point P generating angle a and giving 
motion to arms: » 


c sin a; xc cos a. (B) Tangent- 


cotangent mechanism generates: x c tan a or x = c cot 








crew 


beve 








spur geor 

















o 
Com- 


geor 


nput 











@-inpuf geor 


(C) 


Fig. 5—COMPONENT RESOLVERS for obtaining x and 
y components of vectors that are continuously changing 
in both angle and magnitude. Equations are: x—= cos «, 
y= sin a where = is magnitude of vector, and 
a is vector angle. Mechanisms can also combine com- 


ysineg 
&. (C) Eccentric and follower is easily manufactured but 
sine and cosine functions are approximate. Maximum 


error is: e max I» / PP? —e?; error is zero at 90 
and 270 deg. / is the length of the link and ¢ is the length 
of the crank. 


9e0r aifferentia 


subfrocting 
ul JC g 


2-/input bevel 


nput geor 


Ford instrument Co 
(D) (€) 


ponents to obtain resultant. Input im (A) are through 
bevel gears and lead screws for = input, ard through spur 
gears for a-input. Compensating gear differential (B) 
prevents c-input from affecting z-input. This problem 
solved in (C) by using constant-lead cam (D) and (E). 
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Fig. 1 (A) 











Be | 
fe 
py) * 


Antilog 
cam sioft 





Fig.1 (B) 


Fig. 1—MULTIPLICATION OF TWO TABLES «x and y 
usually solved by either: (A) Similar triangle method, or (B) 
logarithmic method. In (A), lengths x’ and y’ are propor- 
tional to rotation of input gears x and y. Distance c is 
constant. By similar triangles: =/x—y/e or z—xy/c, where 
z is vertical displacement of output rack. Mechanism can 
be modified to accept negative variables. In (B), input 
variables are fed through logarithmic cams giving linear 
displacements of log x and log y. Functions are then added 
by a differential link giving z—log x + log y—log xy 
(neglecting scale factors). Result is fed through antilog cam; 
motion of follower represents z—-xy. 


geor 


Special function 
cam 


I x -input geor 











Output Zz Y 
: | 


Stationary pin 





Squaring cam 


Fig.2 (A) 
Function cam 


Sy) Multiplier 
- 


Z=f(y)x2 


Squaring cam 
Fig.2(B) 
Reciprocal cam 


Mu/tiplier 


\ 


g Grae 


Scotch yoke 


a 


Fig. 2 (C) 


Fig. 2—MULTIPLICATION OF COMPLEX FUNCTIONS 
can be accomplished by substituting cams in place of input 
slides and racks of mechanism in Fig. 1. Principle of 
similar triangles still applies. Mechanism in (A) solves the 
equation: =—f (y) x2. Schematic is shown in (B). Division 
of two variables can be done by feeding one of the 
variables through a reciprocal cam and then multiplying it 
by the other. Schematic in (C) shows solution of y—cos @/x. 
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MECHANICAL PARTS AND DESIGN ANALYSIS ( F 





Several typical computing mechanisms for performnig the mathematical operations of 
multiplication, division, differentiation, and integration of variable functions. Analog 
computing mechanisms for adding and subtracting, for resolving vectors, and for 
trigonometric functions, are discussed in Part |, see pages F-3 and F-4. 





P on 
= « oufput 








y-input 








Friction wheei 





l 





Thrust 
bearing 


(A) 


Fig. 3—INTEGRATORS are basically variable speed drives. 
Disk in (A) is rotated by x-input which, in turn, rotates the 
friction wheel. Output is through gear driven by spline on 
shaft of friction wheel. Input y varies the distance of 
friction wheel from center of disk. For a wheel with 
radius c, rotation of disk through infinitesmal turn dx causes 
corresponding turn dz equal to: dz—(1/c) y dx. For definite 
x revolutions, total z revolutions will be equal to the 
integral of (1/c) y dx, where y varies as called for by 
the problem. Ball integrator in (B), gives pure rolling in 
all directions. 


Output roller 





Follow-up motor 
Output roller 


Polaroid 
disks 


Zz /ntergrator wheel 
Angie input 


‘ 
-_ s 
Light beams 
CR Fig. 5—COMPONENT INTEGRATOR uses three disks to 
y as ~ \ 


Photo cells obtain x and y components of a differential equation. Input 
¢ rolier x spins sphere; y input changes angle of roller. Output 
+s rollers give integrals of components paralleling x and » 
axes. Ford Instrument Company. 
Amplifier 
(A) . Servo geor 
Fig. 4—FOLLOW-UP MOTOR avoids slippage between Resisting springs 
wheel and disk of integrator in Fig. 3 (A). No torque is 
taken from wheel except to overcome friction in bearings. 
Web of integrator wheel is made of polaroid. Light beams 
generate current to amplifier which controls follow-up 
motor. Symbo! at upper right corner is schematic representa- 
tion of integrator. For more information see, “Mechanism,” 
by Joseph S. Beggs, McGraw-Hill Book Co., N. Y., 1955. 


Fig. 6—DIFFERENTIATOR uses principle that viscous 
drag force in thin layer of fluid is proportional to velocity 
of rotating x-input shaft. Drag force counteracted by spring; 
spring length regulated by servo motor controlled by 
contacts. Change in shaft velocity causes change in viscous 
torque. Shift in housing closes contacts causing motor to 
adjust spring length and balance system. Total rotation of 
servo gear is proportional to dx/dt. From “Mechanical Contacts for 
Computing Mechanisms,” Reid and Stromback, Product controlling direction 
Engineering, October 1949 page 126. of servo mofor 
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MECHANICAL PARTS AND DESIGN ANALYSIS (F) 


MATERIAL recommendations for 


special bearing applications 


WILLIAM BLINDER, New Departure Division, General Motors Corporatien 


As A result of recent developments 
in machine tools, aircraft engines, air- 
craft accessories, and nuclear power 
plants, the ball bearing industry is 
faced with a number of interesting, 
though complicated, problems. New 
designs of equipment are continually 
demanding smaller bearings to carry 
heavier loads at higher speeds and 
higher temperatures and, in some in- 
stances, in a corrosive and/or non- 
lubricating medium. 

The common type of ball bearing 
consists essentially of a number of 
balls riding in race grooves ground 
into concentric rings and generally 
spaced by a separator or cage. Basi- 
cally, the ball bearing is a reliable 
means for carrying a heavy load at 
high speeds with low friction and mini- 
mum lubrication. Despite the apparent 
simplicity of the ball bearing, how- 
ever, very few materials have escaped 
consideration for possible ball bearing 
usage under difficult operating condi 
tions such as high temperature. 


STANDARD MATERIALS 


The materials most generally used 
for ball bearings are two high-carbon, 
high-chromium steels: AISI modified 
52100 for rings, and AISI modified 
51100 for balls. Basically, these are 
1.5 per cent and 1 per cent chromium, 
respectively, 1 per cent carbon elec- 
tric-furnace steels used in the fully 
hardened condition tempered to 62-64 
Rockwell C hardness. They are among 
the cleanest of the commercially avail- 
able high-tonnage materials. This 
cleanliness is extremely important 
since non-metallic inclusions, which 
are present in some degree in all 
metals, are known to be a major cause 
of bearing fatigue failures. This is 
thought to be caused by the fact that 
these inclusions (for example, oxides, 
silicates, aluminates, and sulphides) 


*The Journal is available regularly only to en- 
gineering educators and technical libraries. 
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act as voids which will produce stress 
concentrations if located in the load 
track of the races or on or near the 
surface of a ball. 

Aside from the high-carbon, high- 
chromium steels, the two other most 
common materials in use are AISI 
440C stainless steel for mildly corro- 
sive conditions and AISI 5120, a high 
quality case hardening steel for bear- 
ings where a ductile core is necessary 
for toughness or high impact strength 

Ball bearing separator, or cage, ma- 
terials for the usual operating condi- 
tions are generally 1010 steel or 430 
stainless steel of stamped-ball con- 
trolled design for low- or normal- 
speed conditions and either fabric base 
phenolic or bronze ring controlled 


separators for high speed conditions 


MATERIAL EVALUATION METHODS 

Difficult bearing applications are 
concerned with the following operat- 
ing conditions: (1) heavy loads, (2) 
high speeds, (3) high temperatures, 
(4) poor or no lubrication, and (5) cor- 
rosive environments. These conditions 
occur either singly or, as is more gen- 
erally the case, in combination. Ex- 
amples of these conditions are readily 
found in jet engine bearings which 
are subjected to operating conditions 
(1) through (4), inclusive, and in nu- 
clear energy bearings which are gen- 
erally subjected to conditions (3), (4), 
and (5). Despite these difficult condi- 
tions, new, even more stringent stand- 
ards of performance are required 
because of the danger to life and 
property and the inaccessibility for 
repairs and maintenance. 

In many instances requirements 
cannot be met by standard bearing 
materials or available knowledge and 
considerable developmental work must 
be performed to meet the required 
conditions. Testing programs are be- 
ing conducted to aid the search for 
improved bearing materials. The ma- 
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RECOMMENDATIONS 


In general, ball and ring materials 
should have certain definite properties, 
the relative importance of one or 
another depending on the application 
As in most other fields, compromises 
usually must be made to obtain a 
suitable combination of properties 
The following properties are desirable 
in ball and ring materials: 

High endurance under fatigue load- 
ing 

High impact strength 

Hardness high enough at the operat- 
ing temperature to carry the applied 
loads without permanent deformation 

Good gall and wear resistance with 
the lubri¢ aling me dium used 

Corrosion resistance 

Dimensional stability 

Uniformity and freedom from seg 
regation 

Reasonable « »f material and 


processing 











jor phases of this materials testing 


program are as follows 


Gall or Compatibility. Galling, which 
may be defined as surface damage 
caused by sliding of one material over 
another and is characterized by metal 
transfer or pickup, becomes increas- 
ingly important as speeds, loads, and 
temperatures increase. The galling 
characteristics of promising material 
combinations at temperatures up to 
1000 F are evaluated in a special test- 
ing machine. The galling characteris- 
tics test can be run at various load, 
speed, temperature, and lubrication 
conditions to evaluate surface damage 
of various combinations of materials 
at normal and elevated temperatures 


Hot Hardness and Creep Strength. 
The material properties of hot hard- 
ness and creep strength are currently 
considered as the best measure of the 
load carrying capacity of ball and ring 
materials and the limiting speed of 
separator materials for elevated tem- 
peratures. Information on these prop 
erties, therefore, is required for intelli- 
gent material selection and proper 


bearing design for special uses 


Bearing Performance. Depending on 


F7 





Table I—Ball Bearing Material Properties 





Hot 
Ball and ring materials Hardness 


Excel 
Exce 
Fair 

Poor 


100 
300 


Bearing quality standard lent 


AISI 52100 and 51100 


ls 


llent 
500 
OU 


stee 


440C Stainless Steel 100 
300 
»00 


700 


Excellent 
Excellent 
Fair 


Poor 


Excellent 
Excellent 
Excellent 
Good 


P< or 


100 
300 
500 
700 
1000 


Vacuum-melted, high 
speed tool steel (5°, Cr, 
Mo, 0.65°, C 


Air-melted, high-speed 100 
tool steel (5°) Cr, 5°) mo, 


0.65%, C 


100 
500 
900 
1200 


Good 
Good 
Good 
Fair 


Cobalt, chromium, tungs 


ten base alloys 


Beryllium copper 100 Fair 
PI 


100 
300 
500 
700 


Excellent 
Excellent 
Excellent 
Excellent 


Sintered tungsten carbides 


Up to 
1600 


Ceramics and ceremets Excellent 


Gall 
Rating 


Mag 
netic 


Oxidation 
Resistance 


Fair 
Fair 
Fair 


Good 
Fair 
Poor 


Poor 


Poor 
Poor 
Poor 
Px or 


Fair 
Fair 
Fair 
Fair 
Fair 


air 
‘air 


Fair Yes 


Except for fatigue strength, other prop 
erties are similar to those for the vacuun 
melted steel above 


Good 
Good 


Excellent 
Excellent 
Excellent 
Excellent 


Good 


Good to 
poor 
depending 
on grade 


Excellent 
Excellent 
Excellent 
Excellent 


Excellent 


idard ball and ring material. Requires 
stabilization for u above 


300 F. 


se at temperatures 


ball 
inder mildly c 
sitic stain 


tempering 


Standard 
\ ort 


ess stee! 


rit 


Low ct! 


4 | l steel 
Has given excell 


y, high-speed tool 
nt life 
tested at temperatures up to 400 F 


ica all 
when 
Used 


endurance 


but, 
for 


ve as commer 


successful 


Used in high-temperature 
at Exhibits exeell 


10n ent 


Used for low-temperature, non-magnetic, 
and/or corrosive applications. Retains high 
resistance at liquid-air temper 


thus used for such conditions 


impact 


+ 


ire, 
used as bearing 
atigue 
i pe 


Not presently 
because of poor f 
by brittleness anc 


resist 


rosit: 
rosity 


This class of materials is be 
for extreme conditions 





Table Il—Separator Material Properties 





Gall 


Temp 
F Rating 


Separator Material 


1010 steel Up to 500 Fair 


Fabric base phenolic Up to 275 


430 Stainless steel Up to 1000 | Poor 


17-4-Ph stainless steel 


Iron silicon bronze Up to 450 


S-Monel Up to 1000 | Fair 


Silver plate 


Excellent ( t 


Up to 1000 | Poor in air | 


| 


Oxidation 
Resistance Magneti 


Poor Standard 


applications. 


ndard sey 


Standard 


steel bearings 


Excellent 


Successfully 
Has good wear 


Excellent 


Excellent J Jsed for jet-er 


Has excellent h 
tures above the 


Successfully 


separator material 


t gine applications, 
um-tempera 


at 100 F anc 


used 
(2) Provides good results in many difficult ball 
cations at temperatures up to 350 F. (3 


separa 


’ 


| for high-speed bearings 


for low-speed 440C 


used in high-temperature 


resistance 

1 
well as 
Gall 
00 F 


as 


other high-speed, 


t ratin 


ure bearings. (1) 
1 300 F to fair at 


anges tron 


g ra 


igh-temperaturs Used for tem] 


limits of iron si 


strength 
licon bronze 
in 


many journal-bearing 


applications 
bearing appli 
Gall rating ranges 


from excellent at 100 F and 300 F to poor at 500 F and 700 F 





the results of the gall test and other 
bearing compo- 
be made of the materials 
being investigated and run in a test ma- 
chine to evaluate actual performance. 

In one type of machine used, the 
test bearing is mounted outboard on a 


Fs 


material properties, 


nents may 


ball 
spindle within an insulated tempera 
ture controlled enclosure. This ma 
chine is capable of testing bearings up 
to 40 mm bore at speeds up to 25,000 
rpm, temperatures up to 1000 F, and 
thrust or radial load in any combina- 


water cooled, bearing-mounted 


tion with either grease or oil-mist lu- 
brication. Bearing torque and bearing 
temperature are continuously recorded 
during a test. Both a mechanical and 
an electrical stop are provided, thus 
allowing testing to be discontinued at 
first evidence of bearing troubles. 
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This machine, therefore, checks ma 
terial compatibility obtained 
by gall testing and determines bearing 
performance characteristics for bear- 
ings made of special materials, as well 
as design variations on the basis of 
heat generation, torque, and ability of 


resuits 


the bearing to operate under simulated 
“lubrication failure” conditions. 
Bearing Fatigue. 
endurance test results on Moore ro- 
tating beam fatigue tests are, at best, 
only indirectly related to ball bearing 
fatigue. It has been found necessary, 


Standard specimen 


therefore, to determine fatigue or 
endurance characteristics by running 
tests on actual bearings of the test ma- 
terial. This is done by fatigue test ma- 
chines. At present, 
limitations, endurance tests are not 
above 400 F. 


However, as improved high-tempera- 


because of oil 


run at temperatures 
ture lubricants become available, test 
temperatures will be increased 


Bearing Wear. Although wear is not a 
factor in normally lubricated bearings, 
it exists in many nuclear applications 
where speeds are low, loads are light, 
and bearings must operate under con- 
ditions where lubrication is not pos- 
sible—that is, immersed in water or 
operating unlubricated in an inert at- 
mosphere. 
1600 F. Under these conditions, pro- 
viding design and materials are cor- 
gradually, and 
failure is caused by either loss in posi- 
tioning of the machine or to the balls 


Temperatures may reach 


rect, bearings wear 


decreasing in size to the point where 
they fall out of the rings 


HIGH-TEMPERATURE APPLICATIONS 


Although at the present time there 
are only a few production applications 
for bearings operating above 450 F, 
there are a number of designs being 
developed which will require bearings 
to operate above this temperature. The 
standard 52100-51100 steel bearings 
stabilized for elevated temperature 
operation have been successfully used 
at temperatures up to and, in some 
cases, above 450 F. However, at tem- 
peratures above 300 F, structural and 
dimensional changes occur because of 
transformation of martensite, the rate 
of change increasing with temperature. 
As a result bearing capacity and life 
are decreased with high temperature. 

Materials having the greatest prom- 
ise for temperatures up to 900 F to 


Product Engineering — Mid-October, 
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1,000 F are the high-speed tool steels 
These high alloy steels have good hot 
hardness, dimensional stability, and 
high temperature strength because of 
their tungsten, cobalt, molybdenum, 
and vanadium contents in various 
combinations depending on the alloy. 
However, a basic disadvantage of this 
class of materials is that, as commer- 
cially made, they are dirty—that is, 
they contain a high content of non- 
metallic inclusions which lead to early 
bearing failures. 

There has been considerable prog- 
ress made in eliminating this undesir- 
able feature. Properly controlled proc- 
essing techniques are capable of 
producing high-speed tool steels which 
are cleaner than “bearing quality” 
52100 steel. For example, commercial, 
air-melted steels and properly con- 
trolled vacuum-melted steels of the 
same analysis, Fig. 1, show a marked 
difference in inclusion content. 

Endurance test results of ball bear- 
ings made of these materials show a 
marked improvement both in average 
life and in percentage of early failures. 
However, it must be cautioned that 
vacuum melting in itself is no guaran- 
tee that acceptable quality will be ob- 
Rigid inspection procedures, 
therefore, must be continued. 


tained. 


NONMAGNETIC AND CORROSION- 
RESISTANT APPLICATIONS 

Nonmagnetic bearing materials are 
occasionally required for applications 
where the magnetic properties of con- 
ventional bearing materials may dis- 
turb equipment operation or where an 
accidentally magnetized bearing may 
radiate a radio signal which would 
interfere with nearby radio operation. 

Corrosion resistant materials are re- 
quired for operation in pressurized 
water at temperatures up to 600 F, in 
air or inert gas at temperatures up to 
1600 F, and in corrosive gases at vari- 
ous temperatures. There also are many 
bearings used in the food processing 
industry which must be corrosion re- 
sistant. These bearings, however, gen- 
subjected to less 
operating conditions. 

As lubrication other than the oper- 
ating medium is generally not possible, 
compatibility and wear resistance are 
important requisites. Cobalt chromi- 
um-base, nickel-base, and copper-base 
alloys have all been used for such ap- 
plications with good results and in 
others with marginal results 


erally are severe 


Labora- 
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tory tests also have been run on mate 
rials such as sintered tungsten carbide 
sintered glass 
sapphire, and graphite. Unfortunately, 
this latter group of materials has not 


chromium carbide, 


performed well, at least at normal 
room temperature, generally because 
of inherent brittleness 

The stainless steels, of course, con- 
stitute a very important group Of ma- 
terials in the corrosion-resistant field 
Commercially, these are generally 
grouped into the hardenable types and 
non-hardenable types. Of the harden 
able types, perhaps the best known is 
440C stainless steel, which is a stand 
ard bearing material. The endurance 
characteristics of bearings made com 
mercially of this material are generally 
adequate for most commercial appli 
cations. It must be remembered, how 
ever, that 440¢ 
netic and is stainless only when it is 


stainless steel is mag- 


hard and polished. Since hot hardness 
of this material is poor, it is generally 
not recommended for temperatures 
above 500 Fahrenheit 


CONCLUSION 

At present, the primary problem In 
the successful operation of bearings 
above a temperature of 450 F appears 
to be either: 

(a) Development of a lubricant o1 
lubrication system which can with 
stand these temperatures, o1 

(b) Development of a material or a 
combination of materials which can 
operate together with minimum ex 
ternal Jubrication 

Many investigators are engaged 
the development of high-temperature 
lubricants, and developments in this 
area are being watched carefully. In 
general, special bearings are being 
furnished for use 
thought impossible only a few years 


under conditions 


ago, Tables I and II. However, it also 
is true that many requirements can 
not be met at present. A great deal of 
work remains to be done in devising 
solutions to specific problems and in 
increasing the understanding of the 
fundamental behavior of bearing ma 


terials under abnormal conditions 


REFERENCI 
Special Materials for Unusual Bal 
Bearing Applications by William Blinder, 
New Departure, Division General Motors 
Co. Published in the General Motors 
Engineering Journal, January—Februat 
March, 1957, p 42-46 
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Characteristics, uses and 


limitat 


ions of gaskets 





MATERIALS 


CHARACTERISTICS 


GENERAL USES . F LIMITATIONS 





ELASTOMERS 





Natural 


Neoprene 


Butyl 


Thiokol 


Silicone 


Tough, resilient, 80 Durometer 
Impervious. Not compressible. 


Better water resistance than nat- 
ural. 90 Durometer. Good shear 
strength. Abrasion resistant. Not 
compressible 

Abrasion resistant. 40-90 Durom- 
eter. Resists heat, compression 
set. High tensile strength. Non- 
adhesive 

Resistant to abrasion and tear. 40 
80 Durometer. Incompressible 
Cannot vulcanize with sulfur 


Impervious. Good aging qualities. 
Good resilience at high tempera- 
tures, poor at room temperatures 


Duro 50-90. Best solvent resistance 
any rubber. Good low tempera 
ture properties. Low swell, shrink 
age. Cannot be vulcanized with 
sulfur 


Resilient at high and low tempera- 
tures. Oxidation and weathering 
resistant. Good heat stability 


For hot or cold water and water solu Low pressure only, except in con- 
tions, low pressure steam and gas, 5 fined joints. Not for strong acids 
some dilute acids and alkalis Never for oil or petroleum deriva- 

tives. 


General purpose for moist joints Unsuited for gasoline, oil, solvents, 
water, dilute acids and alkalis concentrated acids 


Hot and cold water, steam lute ‘ Not for oxygenated or halogenated 
acids and alkalis, gasoline, oil, « : solvents. Poor resistance to light 


matic and aliphatic solvents 


Hot or cold water, gas, non-aroma lot for aromatic gasolines. Low 
tics, oils with aniline point over 5 1iline point oils cause swelling 
225, some solvents, where sulfur 
corrosion likely 

Water, steam, gas, alkalis, dil 

acids. Excellent resistance to gas 5 line 

diffusion 


ute poor against 


Hydrocarbons. esters, ethers, ke Not for joints with high bolt loads 
tones, solvents, water, and where Not good against halogenated 

solvent resistance is second to solvents 

physical properties. Good for O 

rings 

For joints where other rubbers are 100 to Attacked by low aniline point oils 
used, but at higher temperatures 4-450 Not for such solvents as gasoline, 
Also for oils with high aniline benzene. Relatively low tensile 
point. strength. Not for steam at high 

pressures 





PLASTICS 





Polyethylene 


Phenolic 
resins 


Good heat resistance. Very inert to 
chemicals. Incompressible. Non 
resilient. Not-adhesive. 


Resistant to chemicals, solvents, 
weathering. Low cold flow. Resil- 
ient. Stays flexible at low tem- 
peratures. Is non-flammable. 

Resilience comparable to natural 
rubber. Stays flexible at low 
temperature. 45 to 95 Durometer 
depending on compounding 


Strong and solid. Hard and im 
pervious 


Best used in combination with other Some cold flow when first loaded 
materials that give resilience to +S Decomposes to gas at 750 F 
gasket 


For resistance to chemical attack 320 to Plasticized form shows some shrink 
Unplasticized form has extreme +390 age with some hydrocarbons, sol 
chemical inertness (unplast vents, and hot water 

form 

For chemical resistance and low 80 to Not for glacial acetic acid, aniline 

temperature service 250 100 per cent), formaldehyde, 
nitro-benzene, or HCl at high 
temperatures 


Combination gasket and insulation Generally restricted to use in in 
(electric) to restrict flow of stray sulating flanges for control of 
currents. electrolytic corrosion 





CORKS 





Cork 
compositions 


Cork-and- 
rubber 


Soft, resilient, and compressible. 
High friction properties, 


Chemical resistance varies with 
rubber. 25 to 90 Durometer. High 
friction. Controlled compressi- 
bility 


For light duty at low bolt loads. Re } ) Not for sustained contact with 
sists oil and aromatic solvents water. Not for alkalis and cor 
rosive acids. Moderate pressure 
only. Shrinks and hardens in some 

services 


In confined joints for metal contact Base polymer governs resistance 
of flanges and with low bolt loads 5 Not for steam or high tempera 
In unconfined joints for light duty ture. Hard and unyielding below 
only. OF 





Fi0 
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MECHANICAL PARTS 


AND DESIGN ANALYSIS 





MATERIALS CHARACTERISTICS 


GENERAL USES 


LIMITATIONS 





ASBESTOS 





White 
asbestos 


ompressed 


n-compres 


About equal inferior to white 
asbestos in 


Blue 
asbestos 


roperties 


Good all-purpose for relatively high 
temperature. For weak acids, al 
kalis, oil, solvents, steam, and hot 
water 


Best for use against acids 


More costly 


Temperature 


than white asbestos 


range depends on 


t reinforcement 


nder or 


More costly than white 


Temperature 


asbestos 
range depends on 


binder or reinforcement 





FIBRE 





Firm 


sile strengti 


and homogeneous. Hign ten 


Vegetable 
fiber 


For seal and lube oils, non 
corrosives. For light or heavy bolt 
loads and smoot! 


water, 


uniform Manges 


Generally for low press and mod 


gov 


resistance. 


crate temperature. Saturant 


erns solvent 


Some 


and oil 


types tend to harden and 


shrink with alternate wetting and 


irying 





LEATHER 





Tough, 
sion 
tures 


porous, resistant to 


Flexible at low 


abra- 


tempera 
leather . 


For static seal in plain-faced flanges 

at low press only. In confined joint 
for highly press. Best for 
seal 


dynamic 


Permeability 
and 


depends on 
mpregnation 
steam, acids, or 


tanning 
Never use with 
alkalis. Quality is 
highly variable 





METALS 





Excellent corrosion resistance 


Tin 


corrosion resistance. Oxide 
forn 


Aluminum ms protective coating 


rosion resistance 


Copper, brass 


Higt 


temperatures 


resistance to « 


- ’ Son ‘ wer a around 
Nicke anil e than Mon 


resistan 


Iron, steel 


Chrome steel 


Stainless 
steel 


Widely used for sulfuric 
other corrosives at 


under 212 F 


acid and t 


temperatures 


> 212 (400 
in a con 
fined joint 


For pure neutral solutions 


Used for corrosion 


Good 


sullur-Dearing gascs 


resistance 
against hot 


Good general-purpose 
corrosion 


gasket for 
resistance at moderate 


temperatures 


Versatile material, for most corr 


sives, acids, alkalis, and for 


and other high temperature ap 


steam 


plications 


Good 


against 


For 
against stean 
type joints 


resistance t 


Special use for 


at higt 


resistance 


tior temperature 


Most 


sive service 


widely 


For cases where additi 
resistance is required 


p at higher tempera’ 


Slightly attacke 


and alkalis, t 


Attacked by lizing acids 
NH:, chlorine 
ment at 


wet 
Embrittle 
temperature 
co 
Ele< 


times objectionable 


sulfur 
high 
He, 


zed 


when 


exposed to unless metal 


is deoxid trolysis some 


Attacked by strongly oxidiz 


and strong hydr 
} 


ng acids 
Em 


ing gases 


chlorix 
rittlement in sulfur-bear 
500 F 


with steam ab« 


above Stress 


xely 


and wet 
granular 


at 


at 800-1500 F 





REFERENCI 


“How to Choose and Use Today's Gaskets In 


Today’s Equipment” a special 


report by Ron Cannon, Petroleum Processing, March, 1957, pg 96-110 
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From: Petroleum Processing 


Metal gasket design 


A\LL-METAL gaskets, Figs. 1 to 10, are both efficient 
and economical, particularly on flanges with concentric 
serrations. They are the most difficult to seal and 
close attention must be paid to flange bolt loading. 

All-metal ring types, Figs. 11 to 16, seal under rela- 
tively light bolt loads, compensate for minor pipe mis- 
alignment, and hold tight under varying conditions. 

Combination types, Figs. 17 to 23, extend the useful 
range of metal and non-metallic materials, frequently 
permitting the use of a soft filler at higher temperatures 
and pressures, with added corrosion protection. 


REFERENCE: How to Choose and Use Today’s Gaskets in 
Today’s Equipment, a special report by Ron Cannon published 
in Petroleum Processing, March 1957, pp 95-110. 





Plain all-metal type 


Fig. 1—Plain Solid. High 

mechanical strength, good heat 

conductivity. Thickness must be 

uniform and surface smooth. 

Good for flanges with concentric serrations. Pay close atten 
tion to available load in flange bolts. Hardness of material 
must also suit flanges to prevent scoring. 


~ 


Fig. 2—Profile. Machined with 
concentric serrations to reduce 
bolt load needed. Concentric 

contact lines give many sealing 
surfaces. By varying profile pitch, gasket loading can match 
bolt design. Used mostly for high pressures and temperatures 
in narrow-face closures. 





Fig. 3—Profile-clad. (A) Profile jacketed 


J with a separate metal cover. Jacket is 
usually a different metal to provide cor- 


rosion resistance for the inner gasket. 





Seating stress is the same for all profile 
gaskets, jacketed or not. (B) Heavy, solid 
metal with concentric V-shaped grooves 
is partially enclosed by a single metal 
shell covering one face, both edges, and a 
portion of the other face. 


Fig. 4—Serrated type. Heavy 

solid metal machined with 

spaced concentric rubs. Use 

where wide gasket with reduced 

contact area is needed, especially high pressure and temperature 
with standard raised face flanges (smooth finish). Gasket is 
usually cast when made of lead or lead alloys. 





Fig. 5—Bellowseal. This design 
is made up of two metal plates, 
each provided with spaced con- 
centric ribs on their outer faces, 





and welded together around 
the outer periphery. A thin, compressed asbestos sheet 1s 
placed over both serrated faces during installation. 


Fig. 6—Multiseal. Same basic 

design as that of bellowseal, 

but having raised cross ribs as 

well. These gaskets are flexible 

enough to allow bellows action 
during sudden temperature changes. Inside pressure forces 
gasket halves against flange faces giving tight fit. 


Fig. 7—Corrugated. (A) Widely 
used on machined flanges for 
sealing steam, water, gas, oil, 
chemicals under 1000 psi. Cor- 
rugations can be increased or 
decreased as needed. This de- 
sign is good for narrow-faced 
joints, and for tongue-and- 
groove joints. (B) Variation in 
which the corrugated metal 
core has been partly enclosed 
with a metal shell that covers one face, both edges, and 
a portion of the other face. In the duplex type, two gaskets 


(B) 


are joined at the inner lap and welded 


Fig. 8—Corrugated metal core. 
Za Actually three gaskets, with the 
bottom one lapping over the 
other two at both edges. This 


provides a more resilient construction that is useful for high 
temperatures and for frequent temperature cycling. 


All-metal ring type 


Fig. 9—Round or oval cross-section. Ring 
type gaskets are widely used and are 
normally made of steel, Monel, chrome- 
moly, or stainless steels, depending on 


service conditions encountered 


Fig. 10—Octagonal cross-section. Variation 
of ring-type gasket. Depending on gasket 
material, these rings are good for operating 
pressures up to 15,000 psi and temperatures 
up to 1600 Fahrenheit 





Fig. 11—Convex cross-section. Another 
variation of the basic ring-type gasket. 
When corrosive operating conditions re- 
quire it, gasket surfaces can be plated for 
additional protection 


Fig. 12 
tion for ring-type joints giving positive fit 


Iransition ring is a further varia- 


where there are different ring groove 
diameters in mating flanges 
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Fig. 13—Ring gasket protector. 
(A) Substitute for plating for 
corrosion protection, it can be 
used with a separate protector 
ring of a suitable material. Pro- 
tector shown has a rolled inner 


A) 
edge. (B) Ring gasket protector 
using a U-shaped instead of a 
rolled inner edge. These pro- 


tective devices also are de- 
signed to reduce turbulence. 


Combination type 


KKK 


Fig. 14—Spiral wound gaskets. 

The most familiar and suc- 

cessful example of combina- 

tion gaskets. They are made of 

a continuous strip of preformed (C) 

metal, wound spirally from inside to outside, with a filler 
cushion between each ply. The cross section of the metal 
strip is such that compressing the gasket results in a spring 
loading effect on the metal. Sketch A 
the basic gasket plus a patented centering guide for accurately 
positioning on raised-face flanges. C shows the basic gasket 
provided with a combination compression limiting gauge and 
centering guide. In these gaskets—beside the primary seal 
by the metal—the filler compresses under bolt load, filling 
minute imperfections in the flange face. Spring action permits 
low seating stress and light bolt loads. If not over-stressed, 
the gasket has a built-in resilience permitting re-use many 
times. Filler material is usually asbestos, but Teflon is com- 
monly used for corrosive liquids and gasses. 


is a cross section. B is 





Fig. 15 Corrugated metal- 
asbestos gaskets. Combination 
gaskets with twisted asbestos 
cemented into corrugations on 
both sides of the gasket. When 
these corrugations are flattened 
under pressure of bolts, the 
asbestos is held firmly against 
the flanges. This thick gasket 
seals well on poorly aligned 
work and rough flange faces, 
with light bolt loads. 

Like the spiral-wound design, 
these gaskets can also be ob- 
tained with various types of 
centering devices. In addition to 
centering, however, the outside 
(C) centering ring prevents lateral 
expansion of the gasket during compression. Some types act 
as a compression gage: when flanges touch the ring, gasket 
is stressed proper amount for good seal. Type A shows deeply 
corrugated core covered with woven asbestos cloth, B uses 
twisted and treated asbestos cord cemented into place, C in 
cludes a reinforcing inner lap that reduces turbulence 





Fig. 16—Partly enclosed (A) 
Single - jacketed combination 
gaskets with a soft filler are 





partly enclosed—one face, both 


( W/m: 
inn 





edges, and a portion of the 
other face. Used mostly for 
cylinder heads, and for narrow-faced, small diameter joints, 
or where easy compression is a requirement. (B) Edge 
reinforced type of partly enclosed gasket uses a sort material 
reinforced by metal rims on both edges: sides are open. Choice 
of metal will determine corrosion resistance of gasket, and 
filler will govern temperature limits. (C) Inside-open type of 
partly enclosed is nothing more than a switch in the French 
type. The soft filler has a single metal jacket over all or 


part of both faces and the outer edge, with the inner edge open 


Auld aM 


Fig. 17—Fully enclosed. Used 

where the joint is to be broken 

frequently and the gasket re 

used. The cushioning effect of 

the soft filler permits proper 

sealing while the full metal Cc 

jacket stands up under higher pressures and corrosive chemicals 
With asbestos as the filler, this construction can be used at 
temperatures up to 850 F. The gasket at A is the double 
jacketed design in which the filler is enclosed by a metal shell 
and a top washer. At B the filler is completely enclosed by 
a single metal shell which overlaps at one face. At C is a 
variation in the design shown at B in which the bottom face 
and the metal washer are corrugated for improved sealing 


| 
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Fig. 18—French type. Available in a great variety of designs 
Basically, the soft filler is protected by a metal jacket over all 
but the outer edge, as shown in A. This metal jacket can be 
one-piece as at A, two-piece as at B, or three-piece as 
illustrated at C. A further variation in this type is shown at D 
Here, a thick woven asbestos filler has a one-piece metal 
jacket covering the inner edge and an equal portion, but not 
all, of both contact faces. This design prevents damage to 
glass-lined or other lightly bolted flanges 
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Example 


Given: f= 
r 


Solution 


(1) From left-hand scales (Line!) 
A= 3095 (approx) 


(2) Repeot on right-hand 
scoles (Line IL) for 
greater occuracy 
A=3igs 
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Deflections of cantilever beams 
with changing cross sections 


W. R. LEOPOLD, Lycoming Division of the Avco Mfg. Corp 


CanTILEver beams having two por- 
tions that are of different cross sec- 
tions are common in design of ma- 
chinery. For example: gears, pulleys, 
sprockets, or cams are frequently 
mounted as shown in Fig. 1 on a 
shouldered or stepped end of a shaft. 

The nomograms on the following 
pages are constructed to simplify the 
procedure of finding the deflection of 
cantilever beams having two distinct 
moments of inertia. The equations 
used to construct these nomograms 
neglect the weight of the beam. The 
equations are valid for beams that 
have a zero slope at the point at which 
the beam is supported. 

The charts Figs. 4 and 5 are based 
on aluminum having a modulus of 
elasticity E equal to 10,000,000. For 
beams of other material, the deflection 


obtained from the charts should be 
multiplied by the ratio 10,000,000/E 
(desired). 

Cantilever beam with a_ concen- 
trated end load is shown in Fig. 2(A) 
Fig. 4 is a nomogram for determining 


its deflection 


EXAMPLE: Given / 4 in.', 
I1,/1.=6,A 6 in., 1 22 in., 


P 400 Ib, J 10,000,000 Ib/in 
SOLUTION: Enter graph in Fig. 4 at 
I,/1, == 6. Follow the heavy black line 
through the given values to the deflec- 
tion scale. Read | 0.040 in 
Cantilever beam with uniformly dis- 
tributed load is illustrated in Fig. 3; 
its deflection can be solved by using 


the nomogram in Fig. 5. Heavy black 
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line shows method of obtaining deflec- 
tion of a beam having the following 
characteristics: 

1/1, =5,1,=8 

W 3,000 Ib, Z 


I : 10,000,000 lb/in 


where W is total load 

Deflection is read as 0.051 in. When 

E is 30,000,000 deflection becomes: 
10.000.000 

0.051 - 0.017 
$0) O00) COO) 

Deflection can be further modified 
for other values of / and P by multi- 
plying deflection by /// (desired), or 
P (desired)/ P, 

Tapered beams closely approxi- 
mated by two moments of inertia can 
also be solved by use of these charts 

For load values not covered by the 
charts, multiply or divide both load 
and resulting deflection by a multiple 


of ten. { nt ied On page F16) 


Fis 
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Fig. 4—Deflections of Cantilever Beams Having Two Distinct Moments of Inertia With 
Load Concentrated on Free End (continued from page F-15) 
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Fig. 5—Defiections of Cantilever Beams Having Two Distinct Moments of Inertia With 
Uniformly Distributed Load (continued from page F-15) 
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Fig. 2 — Typical hoop-stress 
curves for different values of . 
pressure ratio P 











From: ASME Paper 


Fig. 1—Family of curves 
S=arb/r? 
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Design chart for maximum tangential 


Tai K-WALLED cylinders subjected to 
fluid pressure are often encountered 
in the design of pressure vessels, pump 
and gun barrels, hydraulic cylinders 
and fittings, as well as in shrink fits 
and laminated assemblies. It is com- 
monly assumed that the maximum 
numerical value of the circumferential 
stress in all such cases occurs at the 
inner radius. While this is always true 
for zero external pressure, with both 
external and internal pressure applied 
simultaneously, the largest numerical 
value can occur at the outer radius. 
Careful examination of the well- 
known Lamé solution for thick-walled 
cylinders shows that there are numer- 
ous combinations of the pressure ratio 
P and the radius ratio R for which the 
stress at the outer radius is maximum. 
For maximum stress at the outer 
radius, the ratio of external to inter- 
nal pressure must lie between 1 and 
the value (R* -+- 3)/(1 + 3R2), which 
is about 44 for very large radius ratios 


Fis 


The Lamé equation for circumfer- 
ential stress may be written as shown, 


which shows the hyperbolic nature of 
the stress distribution. This function 
represents a family of stress curves 
which crosses the zero stress axis at 
points which depend upon the radius 
and pressure ratios, Fig. 1. Defining 
the ratio of inner to outer stress as oc, 
the three boundary curves for the 
maximum circumferential stress loca- 
tion are determined by the three cases: 


Case 
Case 
Case 


For Case A, equating opposite sign 
circumferential stresses produces a 
limiting pressure ratio P == (R? -+- 3) 
(1 +- 3R?). For Case B, zero circum- 
ferential stress at the inner radius re- 


quires that P = (1 R?)/2R?. For 
Case C, the stress will be zero at the 
outer radius if P = 2/(1 R?). Fig 
2 shows the stress distribution for 
these values of pressure ratio, as well 
as the remaining ones of P 0, P = 
1,P > 1 and (1 + R?)/2R2 <P <1. 

The results of this analysis are 
shown in Fig. 3. For any thick-walled 
cylinder, changes of pressure ratio P 
from zero to values above unity entail 
a corresponding traversing of five dis- 
tinct “zones”. In the first two zones, 
maximum hoop stress occurs at the 
inner radius and is tensile; in the next 
two the largest stress occurs at the 
outer radius and is compressive; with 
pressure ratios greater than unity, the 
largest stress compression reverts to 
the inside of the cylinder again. The 
second pair of zones are the common- 
ly overlooked cases in thick-walled 
cylinder design 

EXAMPLES 
The following numerical examples 
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radius to any point in thick 
walled cylinder: 


internal radius 
external radius 
internal pressure 
external pressure 


radial stress at any radius 1 


circumferential (tangential 
or hoop) stress at any radiu 
r, positive if tensile 


circumferential stres 
ner radius 


circumferentia 
outer rad 


ro/Ty ratio ot 
internal radius 


Pp ratio ol 


pressure to internal pr 

s S ratio of circum 
ferential — stre 

radius to circ 


tress at outer 











Fig. 3—Pressure ratio P versus radius 
ratio R, showing regions of stress 
ratio o S,.,/S 


stress in thick-walled cylinders 


serve to illustrate the application of 
Fig. 3, the pressure ratio vs radius 
ratio for thick-walled cylinders 


Given: Cylinder with r1 1 unit 
and re == 3 units. The radius ratio 
therefore is R 3. 

(a) Let P = O (external pressure 
zero). Locating the point (3,0) in Fig 
3, shows that this case, being repre- 
sented by a point on the R-axis, i.e., 
on the lower border of one of the re- 
gions in which o > 1, gives, as is to 
be expected, a larger hoop stress at 
the inner radius, namely, tension. 

(b) Let P = 0.2 and 0.4. Both the 
points (3, 0.2) and (3, 0.4) lie within 
the region bounded by P = O and 
P = (R* + 3)/—(1 + 3R?) and, 
therefore, also represent cases of maxi- 
mum hoop stress at the inner wall 
However, their position below and 
above the curve P = 2/(1 + R?) in- 
dicates that the first point corresponds 
to tension throughout the cylinder, 
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while the second point means tension 
at the inner and compression at the 
outer fibers. The dividing curve in- 
volves a discontinuity in the sense 
that the stress S,2 
tension through zero to compression 


(c) Let P (R? 3)/(1 + 3R°*), 
This locates the point 


there passes from 


i.e » C . l. 
3, 3/7) on the boundary curve and is 


( 
the case of tension at the inner wall 
and equal compression at the outer: 
fiber. 

(d) Let P = 0.5. This condition 
(point 3, 0.5) lies in the region 
bounded by the curve P = (R? +- 3) 
(1 +- 3R?) and the curve P (1 
R?)/2R? and is representative of the 
cases in which the compressive stress 
at the outer fiber numerically exceeds 
the tensile stress at the inner wall 

(e) Let P (1 R?)/2R?, i.e., 
o 0. This gives in our case the point 
(3, 5/9) and is a case of zero stress at 


the outer fiber as discussed earlier 
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PROF. T. RANOV, 


University of Buffalo 


(f) Let P 
point (3, 0.7 


0.75. This places the 
5) and the value of o in 
the region which indicates compres- 
sion throughout the cylinder, the larger 


value being at the outer radius 


(g) Let P l 


pressures throughout and causes o 


This means equal 


1 for all R-values, which in turn con- 
tributes to the hydrostatic case men- 


tioned earlier. 


(h) Let P l 


independent of R and, as stated before, 


This situation is also 


results in compressive stress through- 
out the wall, the larger value, how 


ever, being at the inner radius 


REFERENCE 
On the Maximum Numerical Value 
of the Tangential Stress in Thick-Walled 
Ranov, Associate Pro 
fessor of Engineering, 
Buffalo, Buffalo, N. ¥ 
meeting of the ASMI 


Division, June 1953 


Cylinders by T. 
University of 
Presented at a 
Applied Mechanics 
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Fig. 2 Above—Typical coolant warm-up rate with and 


without a thermostat vs distance travelled in miles. 


Fig. 1 (Left)}—Variation of miles per gallon and coolant 





Speed, miles /hr 


temperature over a speed range with and without a 


thermostat fitted to the engine coolant system. 


From: The Institution of Mechanical Engineers paper 


Operation and Characteristics of 


Thermostats for engine cooling 


S. H. BLAZEY chief engineer 
AC Delco Division, General Motors Ltd. 


Tuermostats are a necessity for all 
liquid-cooled internal combustion en- 
gines for two main reasons: 

(1) Lower engine wear. It has been 
shown that cylinder bore wear at 122 
F (50 C) can be eight times that at 
212 F (100 C). The main reason is 
probably the condensation of water on 
the cool cylinder walls from the prod- 
uct of combustion. Thermostats per- 
mit a rapid warm-up, thus reducing 
engine wear. With higher engine tem- 
peratures, the temperature of oil is 
correspondingly increased and an in- 
crease in oil temperature decreases 
engine friction. 

(2) Improved thermal efficiency. By 
controlling the coolant temperature 
the engine is operated at its best run- 
ning temperature under all engine con- 
ditions with a resulting improvement 
in efficiency. The results of a fuel 
economy test, over a speed range, with 
and without a thermostat, are shown 
in Fig. 1. The car used for the test 
runs was a typical 1% liter (41.5 cu 
in.) capacity British saloon automobile. 

Temperature increase is about 60 F 


F20 


(33 C) when a thermostat is used. The 
higher average engine temperature in- 
creases the miles per gallon value. The 
increased fuel economy is attributed 
to the fact that the thermal efficiency 
is increased and the engine friction is 
reduced by the higher oil temperature. 
Fig. 2 shows engine coolant tempera- 
ture warm-up rate with and without 
a thermostat fitted to the engine. 


THERMOSTAT OPERATION 

Bellows type thermostats are shown 
in Fig. 3. As the temperature of the 
coolant rises the filling in the bellows 
expands and imposes an upward force 
which is transmitted by the valve stem 
to open the valve. In the design of the 
bellows which activates the valve, the 
following features should be incorpo- 
rated: (1) The diameter should exceed 
the free axial length to obtain rigidity 
of the bellows; and (2) the travel of the 
bellows should be limited to a maxi- 
mum of 30 per cent of its free length. 

Various fillings for the bellows can 
be used to obtain the operating power, 
the main fillings being chemical com- 
pounds mixed with water. For thermo- 
stats having a low operating point, 
acetone is commonly used; for higher 


temperature thermostats methyl alco- 
hol is used. The amount of filling 
varies from 25 to 90 per cent by vol- 
ume, the higher figure being used in 
the hydraulic damper type. 

A hydraulic damper is sometimes 
incorporated in the bellows of a ther- 
mostat to damp vibration periods and 
poppet valve flutter. An alternative is 
the use of small leaf springs in fric- 
tional contact with the valve stem. 

Bellows type thermostats will nor- 
mally fail in the open position because 
the natural free position of the bellows 
is in its open position. Exception 
would be if the bellows develop a 
microscopic leak allowing a small 
amount of gas to escape. This has the 
effect of raising the start-to-open tem- 
perature of the thermostat. 

Waxed filled thermostats are shown 
in Fig. 4. When the wax capsule is 
heated by the engine coolant it ex- 
pands, exerting a force upon the rub- 
ber diaphragm or sleeve which tends 
to eject the center spindle and open 
the valve. This thermostat is insensitive 
to pressure. High pressurization of 
cooling systems allows higher coolant 
boiling temperatures which in turn, 
permit smaller radiators at a lower in- 
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Fig. 3—Bellows type thermostats. (A) blocking type with a bellows operated poppet 
valve. Bleed hole in pump housing permits coolant to circulate around the engine 
regardless of valve position. (B) by-pass type with a normal poppet valve and a 
secondary valve. Secondary valve connected to the same spindle as bellows allows the 
pump to recirculate the coolant through the engine during the warm-up period. 
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B) By-pass type 





(2) Accurate temperature control. 





BASIC REQUIREMENTS FOR AN 


An ideal thermostat should incorporate the following features: 
(1) Rapid response to temperature change. 


(3) No leak with the valve in the closed position. 
(4) Include a bleed hole to enable engine to be rapidly filled with coolant. 
(5) Withstand pump pulsations and engine vibrations. 


(6) Insensitive to variations in coolant pressures, both as regards start-to-open 
temperature, from thermal considerations and from considerations of 
pump coolant pressure directly actuating on the valve. 

(7) Thermostat should fail-safe, that is, with the valve in the open position. 


IDEAL THERMOSTAT 








itial cost. Other advantages are: a re- 
duction in coolant losses, scale deposit, 
and coolant surge through the radiator. 

The butterfly valve and poppet 
valve wax-powered type of thermostat 
will normally fail in the closed posi- 
tion as they have a spring tending to 
close the valve. The most frequent 
cause of failure is the leakage of wax 
from its container, when the valve fails 
in the closed position. If the dia- 
phragm ruptures, the wax may bleed 
through into the piston chamber and 
the thermostat then fails in the open 
of fail-safe position. 


THERMOSTAT CHARACTERISTICS 
The gas-filled bellows type thermo- 
stat has a quick response to tempera- 
ture because of the good heat transfer 
through the thin brass bellows. Fig. 5 
shows the results of tests using a bel- 
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lows type and a wax type thermostat 
under the same operating conditions. 
Response of the bellows type is faster. 
The bellows type thermostat opens 
at 0.5 mile, indicated by the coincid- 
ing of the engine and radiator curves. 
The wax type remains closed until 0.9 
mile. Also, when using the wax type 
the radiator water temperature lags the 
engine water temperature during the 
warm-up period and then the engine 
temperature overshoots the start-to- 
open temperature by 8 to 10 F. When 
the thermostat opens, however, pump 
pressure circulates the coolant, and 
temperatures level out at about the 
stipulated start-to-open temperature. 
On the down-hill grade, both types 
are closed at 2.4 miles, although there 
is an indication with the wax type of 
a closed and re-open condition be- 
tween 1.5 and 2.4 miles which may 


1957 


Fig. 4—Wax type thermostats. (A) poppet 
type valve. (B) butterfly type valve. En- 
gine coolant expands wax when heated, 
exerting a force on rubber sleeve which 
ejects center spindle opening the valve. 
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indicate hunting by the thermostat 
Average engine temperature is slightly 
higher with the bellows type thermo- 
stat, except for the initial overshoot of 
the wax type. 

The delays in the reaction of the 
wax type thermostat are caused by the 
wax changing from a solid to a fluid 
The material absorbs latent heat before 
a noticeable temperature rise takes 
place in the material. To increase the 
heat conductivity of the wax, copper! 
or aluminum particles are being incor- 
porated in the material. Also, the wax 
is enclosed in a metal container which 
has to withstand about 2300 psi when 
the wax expands. The container is, 
therefore, thick and takes longer to 
transfer heat than the thin material of 
the bellows type. This increases the 
thermal lag of the wax type thermostat. 

Close temperature control requires 
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Fig. 6—Typical valve opening and closing curves for a 
bellows type and wax type engine coolant thermostats. 
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Fig. 5—Warm-up and cool-off rates of a wax type and 
bellows type of thermostat under similar operating con- 
ditions. Vehicle speed 30-35 miles per hour. 


Fig. 7—Vibration tests on four different ther- 
mostats from 0 to 250 cycles per second. 


a very small 
tween start-to-open and fully 
temperature. Fig. 6 shows that the gas 
filled bellows type can have a temper- 
ature differential as low as 1 to 2 F 
between these conditions. The lag for 
the wax type thermostat is 3 to 4 I 
because of slower heat transfer char- 
acteristics of the wax. 


temperature range be- 


closed 


A gas-filled or vapor thermostat will 
have its opening temperature increased 
24% F per lb of 
when used in a pressurized cooling 


by about pressure 
system. While this increase can be ac- 
cepted up to a radiator pressure of 8 
psi, above this the delay in valve open 
ing may not be acceptable. A wax type 
thermostat which is insensitive to pres- 
sure, or a bellows thermostat of lower 
start-to-open 
used to get the required sensitivity. 


temperature must be 


Pressure compensating for thermo 
stats are met in aircraft engines be- 
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cause of both changes in altitude and 
the pressurized cooling system. Com- 
pensation is obtained by the addition 
of a second bellows filled with air 
under pressure. The air-filled bellows 
is arranged to assist the movement of 
the vapor-filled bellows with increase 
in coolant pressure. 

Thermostats incorporate a spring 
and a mass and therefore resonate at 
When one of 
these frequencies matches an engine 
vibration failure of the 
thermostat can occur. Air or steam in 


various frequencies. 


frequency, 


the coolant system can accentuate vi- 
bration problems. Fig. 7 shows the 
results of tests with four thermostats 
of different types. 

The 
nected to a vibration generator and 
driven at frequencies up to 250 cps 
from these results that 


thermostat valves were con- 


It is apparent 
if thermostat A, for example, was sub- 


/ Bellows type thermostat A without damping spring 
| 


Wox type thermostat C 
gD f ore 


* 


Wox type thermostat D 


\ 


fype thermostot Bw 





00125150175 


Frequency, cps 


jected to a frequency of 75 or 200 cps, 


it might fail because of metal fatigue 


CAR HEATING 

The increase in car interiors and the 
volume of air to be heated is growing 
Since engines are becoming more ef 
ficient with less heat transferred to 
the coolant more efficient thermostats 
are required. Special units may be 
specified that have a higher start-to- 
open temperature and a lower leakage 
with the valve shut. 


REFERENCE: 

The Design and Application of Ther 
mostats to the Internal-Combustion En- 
gine Cooling System by S. H. Blazey, 
Chief Engineer, A. C. Delco Division of 
General Motors Ltd. Presented at the 
Institution of Mechanical Engineers. 
General Meeting of the Automobile Di- 
vision, London, England, February 1957. 
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MECHANICAL 
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Formability index for 
minimum bend radius 


WILLIAM W. WOOD, supervisor, Manufacturing Research, Chance Vought Aircraft, Inc 


Nomogram for determining minimum bend radius for 


sheet metal parts formed on press brakes. 


Aluminum, titanium and steel formability indexes shown. 


Costiy experiments are generally 
used to determine minimum bend radii 
for sheet metal formed on press brakes. 
Data so obtained will vary with the 
source because: (1) physical properties 
of the material are not constant; (2) 
grain directionality of the specimen 
are different; (3) the number of good 
samples obtained for a given radius 
and material thickness may be small; 
(4) the blank size is not constant; and 
(5) the test setup—type of punch and 
die—varies among sources. 

To avoid the practice of testing sam- 
ples and to try for uniformity in mini- 
mum bend radii values a formability 
index based on known mechanical 
properties of a material has been de- 
veloped. This index is «/S,,, where « is 
the true natural strain and S,, is the 
tensile yield strength. It is known that 
in metal alloys, the notch sensitivity is 
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a function of the strength of the mate- 
rial. If the true natural strain ¢ for a 
material is divided by the tensile yield 
strength S,,, the resulting ratio would 
be an index as to the relative brake 
formability. The relation between the 
strength and notch sensitivity of a ma- 
terial may be found empirically with 
experimental brake formed samples. 
Thus, knowing the formability index 
and thickness of a material the mini- 
mum bead radius can be found. 

This is based on finding R, the mini- 
mum part or punch radius at which 
splitting does not occur in a given ma- 
terial with a thickness, t. By mathe- 
matical reasoning and supporting re- 
sults from 1320 test samples, two 
nomograms have been developed and 
can be used respectively to solve R/t 
for absolute minimum bend radius and 
for an R/t ratio that is 40 per cent 
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PARTS AND DESIGN ANALYSIS F 


higher than the minimum bend radius 


to reduce the chances of 


forming 
scrap 
EXPERIMENTAL RESULTS 

Seven materials in all gages between 
0.016 and 0.250 in. were sheared into 
3x3 in. blanks and formed to 90 deg, 
Table I. In all, 
made to determine the limits of crack- 


1320 samples were 


ing on the tension surface in the mid 
dle region away from the ends. 
Tension surface is selected because 
fractures occur only on the tensile 
side. Center region is used to offset the 
results of end cracks that are harmful 
only if the part is trimmed to size be- 
fore brake forming. Most parts are 
usually trimmed after forming, so end 
cracks would be of no consequence 
In testing a given material, each 
selected punch radius R was checked 
five samples of increasing 
thickness ¢. The formed parts were 


against 


classified as good or bad. Test results 
for each material were plotted as in 
the example shown in Fig. 1. A trial 
line was drawn so that as many good 
parts lay to the left of the curve as bad 
parts lay to the right. The slope of the 
curve varied with the material, but in 
all instances the plots were straight 
lines, except for very thin gages (0.016 
in. and less), indicating a pure geo 
metrical relationship 

To develop a nomograph, Fig. 2, 
for absolute minimum bend radii for 
all materials, two abscissa scales are 
laid out for the surface tensile strain « 
and the formability index ¢/S,,. The 
ordinate scale is laid out for values of 
R/t. Steps in drawing the nomograph 
are: 

1. The experimental 
were plotted 


R/t ratios 
as points on the chart 
where the ordinate (R/?f) crosses the 
curve 
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The limits of the formula are: for R/t 
0, « 1; while for an R/t 
Strain ¢ 


©, the 
= 0. Thus, strain of 100 per 
cent is the greatest that can be ob 
tained in brake forming, and this strain 
can be reached only when the punch 
radius R = 0. A part bent 180 deg 
and hammered to a zero radius on the 
inside will have 100 per cent strain in 
the outer fibers regardless of the mate- 
rial gage. Hence, very soft aluminums 
and steels can be bent double and 
hammered and will not split. 


~ 


2. Curve 1 is a plot of the equation 
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Table I—Formability Indexes of Various Materials 
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1—(Left). Punch radius vs material thickness. 





Fig. 2—(Right) Absolute minimum 
bend radius for some  aluminums, 
titaniuns and steels. 








2R/t | 


4 Curve 2 

3. The formability index, curve 2, at ae 
is plotted as follows: First, draw 
straight lines from point A through the 
experimental point for each material 
on curve 1 expending it beyond the 
curve as shown by the fanning of 
straight lines from point A. Place a 
point for each material, Table I, where 
the formability index (abscissa) crosses 
these straight lines. Draw the smooth- 


thickness 


est curve possible through these points, 
resulting in curve 2. 

For example, for 7075-T6, move 
right on the formability index scale 
(e/S,,) to 0.00264. Project vertically 
to point B, the intersection with the 
R/t curve for 7075-T6. Point C, for 
4901 titanium is found in the same 
way. 


Punch rodius 


mat 


Note that the curve is made tangent 
to the vertical line at «/S,, 0.05, 
because materials with a formability 
index greater than 0.05 will have no 
minimum bend radius. Examples of ; ee Ser a 
such materials are: 2024-0, 5050-0, 0.00! 0.002 
6061-0 and 3003-0 aluminum Formability index € / Sty 
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HOW TO USE NOMOGRAPH 

To find the minimum bend radius R 
for 5052-1/2H aluminum 
material thickness tf = 0.051 
lowing procedure is followed. 

On the formability 
point D for 5052-1 
the R 


having a 
the fol 


index 
2H move 
t curve to its intersection with 


curve at 


down 


Table I1i—Comparison of Indust 


curve 1, and then move left to the R/t 
ordinate, where the reading is 0.52 
Now, if R/t 0.52 and ft 
then R 0.051 x 0.52 


When dealing with a material not 


0.051. 


0.0265 in 


charted on the nomograph, calculate 
the «/S,, value, project vertically from 


that value to curve 2 


2, and then to point 


ry Standards 


bend radius 


PARTS AND DESIGN ANALYSIS 
Fig. 3— (Left). Minimum 
with safety factor. 


A. Where the R 
project left to find the R/t ratio, and 
solve for R, the minimum bend radius 

A certain percentage of parts will 


t curve cuts curve | 


not form properly when made with a 


minimum bend radius selected with 


the aid of Fig. 2. This graph represents 
the absolute minimum bend radius for 
a material with nominal properties. To 
avoid scrap, a safety factor should be 
used. Fig. 3 is a nomograph derived by 
increasing the absolute values by 40 
per cent. But even when using this 
chart, the minimum bend radius will 
be smaller than obtained by conven 
Table Il 
shows that for the soft aluminum, the 


safety factor is about 18 times, but the 


tional industry standards. 


hard aluminums are reasonably close 
It that the mini 


mum bend radius be computed for all 


is recommended 


- 


materials from Fig. 3 with the follow 
ing exceptions: (1) for on production 
2024-0 and 
minimum bend radius of 2.0 
of the 
graph. (2) The values from Fig 
for 2024-0 and 


parts that are to have a full round 


deburr, 7075-0 parts will 


have ¢ 


instead the values shown on 


are 


satistactory 7075-0 


deburr on the ends or trimmed sub- 


sequent to forming 


REFERENCE: 

Formability Index Determines Mini 
mum Bend Radius by William W. Wood, 
Supervisor, Research, 
Inc., Dallas, 
{merican Machinist 


1 
ial 


Manufacturing 
Chance Vought Aircraft, 
Texas. Published in 
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February 25, 1957, } 
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W. L. VAUGHAN, project engineer, Aircraft Research Div., The Budd Co. 


A SIMPLE and surprisingly accurate 
method for performing graphical inte- 
grations requires only the use of two 
triangles and a pencil. Principles in- 
volved are not new but seem to be 
little known. Accuracy of the method, 
if carefully followed, is equivalent to 
analytical integration performed with 
the aid of a slide rule. It has been used 
for calculation of bending moments 
and shears on airplane wings with an 
accuracy of 0.2 per cent. Time re- 
quired is about one-fifth that of con- 
ventional tabular-step graphical inte- 
gration. In fact, speed of the method 
in some cases raises doubts as to the 
economical feasibility of an electronic 
computer for integration problems. 
The method is readily applied to the 
determination of shears, bending mo- 
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ments, slopes and deflections for non- 
uniformly loaded cantilever beams. 
For beams supported at two or more 
positions, simple corrections can be 
made based on the known boundary 
conditions such as the deflection or 
slope at the beam supports. Multiplica- 
tion or division by constants, such as a 
safety factor, can be performed auto- 
matically during the integration. 


Sample Constructions 


EXAMPLE I—Given a nonuniformly 
distributed load on a cantilever beam 
shown in Fig. 1. Draw the shear dia- 
gram so as to include a 1.5 safety fac- 
tor. Steps for graphical integration: 

i. Pick a convenient scale for the 
shear curve so that the curve does not 


ical integration 


run off the paper. This can be quickly 
done by roughly estimating the area 
under the loading curve and multiply- 
ing by 1.5. Shear scale is shown at ex- 
treme left in Fig. 1; range is from zero 
to 600 Ib. 

2. Establish a reference line by di- 
viding any value on the shear scale by 
the equivalent value on the load scale 
such as 200/4 = S50. Divide this 
quotient by the safety factor to obtain 
a “pole distance” of 33.3 in. Pole dis- 
tance is measured from point P, the 
starting point of integration. 

3. Take segments of the loading 
curve. To integrate curve from P to 
Q”, project the midpoint of Q”P ver- 
tically to the curve to obtain point a, 
and horizontally to the reference line 
to obtain point @’. 

4. Draw straight line from a’ to P. 
Ordinate at Q’ represents the area 
under curve QP multiplied by the 
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PROOF OF METHOD 
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Scale 2 
Scale I 


Let AG= 
Using Scale I only 
Areo under curve from 


From similor triangles 


AG x BC 
AB 


F'G = 


Areo under curve Dto E = 
AB 


Scole2 


Since Scale 2 = ScoleI x ant 





AG x BCxAB 


Scale 2 
Scale! 


, BC represents the 


crea under curve Dto E using the ordinates of Scale 2 


/EI diogram 


S/ope curve 


True slope of 
point P 





= AGxBC 








initial deflection curve 


ro deflection line | 


Slope diagram 


True deflection 
4 I ot point P 


H 


Deflection 


for solution of beam problems 


safety factor 1.5; line Q’P represents 
design shear curve from Q” to P. 

5. Use two triangles to obtain sec- 
ond point, Repeat construction for sec- 
ond segment RQ to obtain 5’. Connect 
points b’P with one triangle—with the 
aid of second triangle draw line R’Q’ 
parallel to b’P. 

6. Repeat construction in step 5 to 
obtain the entire shear curve as a series 
of short straight lines. 

The lengths of the steps P to QO, Q 
to R, and so on, on the curve being 
integrated need not be of the same in- 
cremental length; they may be varied 
in length to suit the degree of accuracy 
desired. In general where a good de- 
gree of accuracy is demanded by the 
design requirements, at portions of the 
curve where the slope is steep the in- 
cremental lengths of the curve should 
be comparatively short. 


EXAMPLE II—Given an overhanging 


beam simply supported at two points 
with single concentrated load at over- 
hanging end as shown in Fig. 2. Find 
the slope and deflection by double 
graphical integration. 

1. Plot the M/EI diagram. If FE and 
I are constant, they can be included 


while integrating the moment curve. 


2. Integrate the M/EI diagram 
graphically as was done in example I, 
assuming zero slope at R,. This is an 
obvious error since the slope has some 
unknown value at this point. In mak- 
ing this assumption, the initial slope 
has actually been displaced vertically 
Reaction R, is entirely ignored in this 
step. 

3. Integrate the slope curve assum- 
ing zero deflection at R,. This is a cor- 
rect assumption since deflection at the 
support points is zero. Reaction R, is 
again ignored. 


4. Join points A and B with straight 
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lines. Point B is intersection of the in- 
itial deflection curve and R,. Since de 
flection is zero at both points A and B 
a straight line connecting points A and 
B becomes the new base line from 
which true deflections may be meas- 


ured perpendicular to the abscissa 


The inclined zero deflection line 
compensates for the displacement 
error of the slope line mentioned in 
Step 2. The ordinate of the zero de- 
flection line at any point is the distance 
between the true zero slope line and 
the assumed zero slope line to that 
point, 


5. Obtain true values in the slope 
diagram by dividing the ordinate by 
the abscissa (H/L) of any point on the 
zero deflection line. This locates the 
zero slope line. True slope at any point 
of the beam is vertical distance be 


tween slope curve and zero slope line 
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+ Surface of cam 


\ Cam roller, 





SYMBOLS 


L= Lift, in. r= Rad. of cam roller, in. 


R,.= Root Radius, p=Rad. of curvature cam 
in, surface, in. 


Ry=R='/; L, in. 8=Cam angle, radians 
? 





FuNcTIONAL requirements generally fix the lift 
L and the corresponding cam angle £8, while 
maximum size of the cam is dictated either by 
available space or by maximum pressure angle 
restrictions. But the cam must also be large 
enough—or the cam roller small enough—so 
that the least radius of curvature exceeds the 
roller radius. Unless this condition is observed, it 
may prove impossible to obtain the desired fol- 
lower motion in the system. 

Therefore, having designed the cam for func- 
tion, pressure angle and space limitations, the 
minimum radius of curvature will determine the 
maximum permissible roller diameter. Changing 
the roller diameter does not alter the pressure 
angle of the parabolic cam. 

The following nomograph helps determine the 
least radius of curvature and maximum roller di- 
ameter. It can also be used to find Ry for given 
values of p, 8, and L. To minimize “slapping,” 
P min Should be at least 2 r. 


DERIVATION 


The nomogram is based on Eq (9) which, in 
turn, is derived from the general equation of a 


Radius of curvature of 
parabolic cams 


RUDOLPH GRUENBERG, Westinghouse Electric Corporation 


parabola, Eq (1), and the equation for the radius 
of curvature Eq (4). Derivation of Eq (9) is given 
here so that it may be modified to conform to 
other types of cam motion. 

General equation of a parabola from analytic 
geometry is 


From which 


and 
d*y /dz* = 2c 
Equation of radius of curvature is 
{1+ (dy/dz)?}*" 
p= Py/de 
Inserting values from Eqs (2) and (3): 
11 2-72) 3/2 
o—, 
Minimium value of p occurs at beginning of 
0 and Eq (5) becomes 


1 


Pmin = 9, 


rise, therefore x - 


From Fig. 1: 
Rw8, 

_ se Ss 
where £ is in radians. Combining Eqs (1), (6) and 
(7) gives: 

Ris? 
Pato" 40 
To convert 8 from rad to deg, Eq (8) is multi- 
plied by the constant (27/360)? to give: 
Rw? 
Pmin = 13100 L 
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Nomogram for determining the radius of curvature of cams 
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G loading of rotating bodies 


Tue normal acceleration of g loading of a rotating body (c) Line IlI—from U-scale intersection of Line II 
can be expressed as: through z, the intersection of Line I on the Z-scale. 
3.522 = N? R/10 (1) The value of g in significant figures only is read on the 
This equation, which is of the form kg Rz can be X-scale. The decimal point can be established from the 
solved on the nomograph below as follows: original equation. 
(a) Line J—a horizontal line from appropriate N value For the derivation of Eq (1) and another nomogram 
on X-scale to the Z-scale. covering the same subject, see “Calculator for G Loading” 
(b) Line Il—from R value on X-scale through 3.52 (k by Joseph F. Sodaro, Annual Handbook of Product Design 
value) on Z-scale to intersect the U-scale. for 1955, page F 24. 
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From: Environmental Quarterly 


MECHANICAL PARTS AND DESIGN ANALYSIS (F) 


Designing for 


vibration and shock resistance 


T. M. BILLINGS, Supervisor of Environmental Tests, Bendix Aviation Corporation 


Visration is a periodic motion that repeats itself, in all 
its peculiarities, after a definite length of time. Most design 
problems are concerned with vibrations that limit them- 
selves to a relatively small space and that occur many times 
per second. 

Vibrations are the result of oscillating forces. These 
oscillating forces can occur in rotating or reciprocating 
machinery, in the electrical disturbance of a magnetic field, 
in the immediate vicinity of high intensity noise sources, 
or within an elastic structure when shock forces are sud- 
denly applied. Shock forces usually occur as transient 
vibrations resulting from a shock pulse, and such transients 
decay in an exponential function. 

Resonance and fatigue are the two greatest problems 
that arise when dynamic vibrations are encountered by 
equipment. These two problems are often difficult, if not 
impossible, to solve, and thus dynamic testing furnishes 
the quickest and most economical answers where complex 
structures are the objects of concern. 


FATIGUE OF MATERIALS 


Essentially, vibrational testing is the most economical 
means of determining fatigue failures in materials. Such 
testing is merely the application of the same load over and 
over again. Not all vibration is damaging. A typical ex- 
ample of parts or components of, for example, an engine 
which are subject to vibration are the valve springs. They 
can take this treatment almost indefinitely without failure 
because no excessive stresses are permitted to occur. 


RESONANCE VIBRATION 

Motion is the most noticeable effect of resonance vibra- 
tion, which in turn results in high stresses of materials and 
possible malfunction of electronic apparatus. There are 
several ways to determine resonance in structures and 
equipment, and dynamic testing is the quickest and most 
accurate. However, the design factors considered should 
be those that will have the greatest influence on the 
resonant frequency ranges. The natural, or resonant fre- 
quency of a structure can be found by knowing the stiff- 
ness, or spring rate, K, and the mass of the material. The 
formula is: 
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where K is in lb/in., and M = (W/G) or weight in lb 
divided by gravitational units in inches/sec.? 

This means that the stiffer the structure, panel, or bulk- 
head, the higher the exciting or disturbance frequency 
must be before the test object experiences resonance. This 
relates to the design principle of striving for high moments 
of inertia. A second look at the equation should caution 
against merely adding more material to the test object in 
order to gain stiffness. The addition of bulk material 
through the use of thicker panels also results in more mass 
being subjected to the exciting force—and this lowers the 
point of natural frequency for a system. Design ingenuity 
is called for in providing additional stiffness through the 
use of lockfoam sandwich construction, ribs, channels, 
braces, that do not increase the weight of the overall assem- 
bly to any great degree. 

In the original design considerations for equipment that 
must function in an environment of vibrational forces, 
several rules-of-thumb can be followed to minimize oper- 
ational malfunction. Three elements that go into good 
designing techniques are: chassis design, ruggedizing com- 
ponents, and the use of isolators to reduce vibrations 


Fig. 1—Examples of a cast chassis using ribs and tie-down 
points to which electrical components are mounted. 





DESIGN TIPS 

All panels, shelves, and mounting decks of electronic 
equipment should be as stiff as possible without a great 
deal of mass being present. Items mounted atop the chassis 
should have as low a center of gravity as is possible to 
reduce rocking modes. Delicate items like tubes and relays 
should be mounted near the edge of a panel to pick up 
additional stiffness from corners and side panel sections 
Rugged components that can withstand the gaff of highe: 
dynamic loadings — resistors, for example — should be 
placed in the center of flexible panels. A point of caution, 
however: If a component is too heavy, it may aggravate a 
resonating panel when mounted in the center, and even 
higher excursions would occur because of the additional 
mass. Heavy transformers fall into this category. 

At any one set frequency, such as a resonant point, the 
g accelerations encountered are directly proportional to 
the total excursion or displacement of the segment in 
motion. Thus it is easy to understand why a vacuum tube 
would be more likely to experience microphonics if 
mounted in the middle of a resonating panel than when 
mounted out near an edge area. The use of the mechanical 
fastener at tie down points can greatly reduce excessive 
amplitudes in the middle of flat area sections. Castings 
invariably are stiffer than sheet metal fabricated sections 
and consequently afford better chassis mounting systems, 
Fig. 1. In general, it is preferable to strive for greater 
rigidity in panels rather than merely to shift the position 
of components, although a judicious combination may be 
desirable. 

After the chassis is designed, the next problem is the 
selection of components. After knowing what types of 
components are necessary for a piece of equipment to 
perform certain functions, the intrinsic design of each com- 
ponent should receive close scrutiny. Military requirements 
dictate that components be both rugged and reliable. How- 
ever, component ruggedization does not mean making 
components elephantine in structure or sturdiness. 

Miniaturization or even subminiaturization of compo- 
nents is one way of avoiding vibrational troubles, for it 
must be remembered that forces exerted on chassis struc- 
tures are directly proportional to accelerations encountered 
and mass weight. If it is impossible to eliminate or reduce 
vibrational accelerations, the forces exerted are lessened 
when sub-miniature components are used. 

Regardless of the size of a relay, if the coil section is 
not supported by the relay case, excessive movement will 
occur in the relay mechanism and wire fatigue or prema- 
ture operation will be the result. Transformers also are 
components with many shortcomings. The mounting studs 
of an hermetically-sealed transformer should be attached 
to the core proper and not the can or container. 

There is no magic formula for correcting design faults 
for vibration resistant equipment. No empirical formulas 
are available that answer all the possible vibrational pitfalls 
and it is for this reason that an environmental test section 
is required. The final test for a designing job is seeing if it 
will withstand laboratory-simulated field conditions. 


VIBRATION ISOLATORS 
Whenever original specifications limit the design with 
regard to such aspects as weight, size, clearance, so that 
vibration resistance cannot be built into the product, then 
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Fig. 2—Use of foam type potting for a high degree of 
stiffness-to-mass ratio. This is often a satisfactory method of 
adding sufficient stiffness to some “canned” components without 
increasing the mass weight of the components. 


measures must be taken to keep excessive vibrational forces 
from reaching the designed object. The answer: is the use 
of vibration isolators. 

Before adding vibration isolators to a specific installa- 
tion, consider the following elements: 

(1) Exciting frequencies and excursions of supporting 

structures. 

(2) Critical frequencies of equipment being isolated 
and excursions that isolated equipment can stand 
at these frequencies. 

Dimensions, weight, and location of center of 
gravity (in all three planes). 

Space allowable for isolators and for equipment 
motion. 

Environment—ambient temperatures, corrosive 
mospheres, and others 

Stiffness of supporting structure 

Characteristics of dynamic loading, that is, sinu 
soidal, transient shock, or angular rocking, etc 

After a study of this information, the selection of ap 
propriate vibration isolators becomes feasible. 

In the selection of ready-made isolators with known 
vibration characteristics, it is best to select mounts with 
resonant frequencies well below the exciting or disturbing 
frequency, Fig. 4. Empirically, the disturbing frequency 
of excitation encountered in the field should be two times 
the resonant frequency of the isolator system. To prevent 
the supporting structure from adding to the disturbance of 
excitation, it should have a natural frequency of three 
times the exciting or disturbing frequency 

The isolators should be attached so that an imaginary 
line connecting the isolator attachment points should pass 
through the center of gravity of the suspended object, 
Fig. 5. Often this is not feasible and rocking modes occur 
when the specimen is excited or subjected to vibrational 
loading. If the center of gravity cf the item to be isolated 
is not near the geometric center of the structure, then load 
rates must be calculated for each isolator mount to carry 
an equal amount of the static load of the assembly. 

When mounts carry different static loads on the same 
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Fig. 3—Typical electrical components prepared for foam type 
or plastic potting. Components are encased in the compound. 


object, they must have different spring rates. Invariably, 
using mounts of different spring rates allows the phenome- 
non of rocking to occur and this usually results in having 
two different resonant frequencies. One resonant point 
causes the equipment to rock or revolve around the center 
of gravity and the second resonant point causes rocking 
about a point outside the enclosure of the equipment. This 
condition may cause complex mounting problem. 


DAMPING 


Because it limits the excursion or amplitude an isolated 
system will experience, damping is advantageous when a 
system is in resonance. However, after the system has 
passed through the resonant range, damping tends to in- 
crease transmissibilities which in turn render poorer isola- 
tion. Some materials have inherent characteristics of pro- 
viding damping that vary with deflections or loadings 
Thus, it is possible to obtain high damping at resonance 
and less damping at higher frequency and lower excursions 
depending upon the material damping characteristics. 

In general, it is desirable to have a minimum of 10 per 
cent of the critical damping present unless the resonant 
frequency is never excited. Damping greater than 25 per 
cent of critical can be obtained only by using elaborate 
dash-pots or friction devices. Some resilient materials com- 
monly used in isolator mounts, with their per cent damping 
values, are as follows: Steel springs—'2 per cent; rubber 
—2 to 5 per cent; knitted wire mesh—15 per cent; felt— 
6 per cent; cork—6 per cent. 


CONCLUSION 


Empirical formulas are helpful but not all-insuring and 
the final analysis of whether equipment is well-designed is 
how it functions in the field. The purpose of an environ- 
mental test section is to simulate anticipated environmental 
conditions and advise engineering and production of the 
necessary steps to remedy probable failures or malfunc- 
tions, whether it be design or production faults. 
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Fig. 4—Isolation mount should have its resonant frequencies 
well below the exciting or disturbing frequency. 
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Fig. 5—Possible mounting points for vibration isolators. 





Glossary of Vibrational Terms 


Excursion—Total motion along any given axis; often 
called double amplitude and usually measured in inches. 
Amplitude—One half the excursion 
Resonant Frequency—The natural frequency of free 
vibration which results when a spring and mass system 
is displaced from its equilibrium position and released; 
usually expressed in cycles per sec 
Critical Frequency—The resonant frequency of com- 
ponents or assemblies that are excited by induced or 
forced vibrations and result in interference with equip- 
ment operation. 
Velocity—The first derivative of displacement or excur 

a¢S 
sion with respect to time—_( 2 ) 

at2 

“G”’s—Acceleration force usually expressed on a 
numerical multiple of 386 in/sec? or 32.2 ft/sec? 
Critical Damping—That amount of damping which 
would cause a displaced spring and mass system, when 
released, to creep back to its equilibrium position without 
oscillating. (Following an exponential curve on a time 
versus displacement plot). 











REFERENCE: 

Designing for Vibration and Shock Resistance by T. M. 
Billings, Supervisor of Environmental Tests, Bendix Aviation 
Corp., Kansas City, Mo. Published in the Environmental 
Quarterly, Second quarter, 1957, p 14-25 
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Natural frequencies of beams 
and design for 


shock and vibration 


Example 1 





Pivot lines 


J. J. KERLEY, JR., structural engineer 


Westinghouse Electric Corporation, Air Arm Division 


Mos: structural failures in modern equipment are caused by shock and 
vibration rather than by steady-state loads. Numerical methods and tech- 
niques are available to analyze these structures. However, in most prob- 
lems a detailed analysis is both unnecessary and inefficient when the 
natural frequency can be determined graphically. The accompanying 
nomograph will help determine the natural frequency of various types 
of beams. 

In designing for shock and vibration, there are two possible courses of 
action. One method is to design the basic structure as stiff as possible and 
keep the natural frequencies of the structural elements high. With such 
construction, structural damping is usually low and most of the vibration —_ 


and noise is transmitted directly to the isolator. This stiffness and high Beam: Double end fixity 
I= /Oin4 


= 30x/0° 


transmissibility is too difficult to be overcome with some mounts, and a l= 80in 
high damping alloy that has both high strength and good damping qualities w=/00 /b 
may have to be used. (See “Manganese-Copper High-Damping Alloys,” Aneuers 100 eps 
May 1956 page 135.) 

Another method is to design the basic structure with flexible construc- 
tion, such as the use of sheet metal for electronic equipment. This gives Example 2 
lower natural frequencies. Flexible structure elements will reduce high ; 
frequency noise but magnify the low frequency elements. 

If the basic structure is too limber, its natural frequency may be in the 
vicinity of the natural frequency of the isolator and unsatisfactory per- 
formance results with built-up of magnification. Thus for efficient shock 
and vibration control, the following basic considerations should be applied: 


1. Be consistent. If the design is stiff, make it all stiff. If limber, it is of 
little advantage to throw in several stiff members. 

2. Avoid stress concentration points by having a gradual transition from 
loose to stiff sections or vice versa. 

3. Supporting structures should not have the same major natural fre- 
quency as the isolator. A general practice is to have every structural 
element on the isolated structure with a natural frequency at least one 
and a half times greater than the natural frequency of the mount 

4. Avoid isolators with natural frequencies of exciting forces such as 
the chatter frequency of hydraulic mechanisms, periodic frequency of 
firing guns and similar exciting forces. 


All these frequencies should be determined by test. In all studies of 
component performance, it is always desirable to determine the funda- 
mental frequency and sometimes the second or third harmonics by tests E=/0 

The nomograph on the next page can be used to compute the natural << ‘ 
frequency of basic structural elements when their length, weight, and w= 20/6 
moment of inertia are known. Examples 1 and 2 (right) show the three canes one Many 


Aluminum 
steps required to find the natural frequency of basic elements Answer = 208cps 


5x 10% (alui 
4in4 
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Nomograph for determining natural frequency of beams 
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17 ways of testing springs 





Clearance Test weight 


Torsion 
spring 


C. J. McCLINTOCK, chief inspector, Hunter Spring Co. 
Scale i 


Compression 
spring 
Extension 
Fig | spring 
Fig. 1—Dead-weight testing. Weights are directly applied 
to spring. In the compression spring and the extension 
spring testers, the test weights are guided in the fixture 
to prevent buckling. Instead of using a linear scale, the 
spring deflection can be measured with a dial indicator. 








n 
Compression Tensio 


Rod acts as pivot point 


fixh for sprim 
Pivot bar and Tanne Fer Grey 





orsion 
Fig. 3—Pilot-beam testing. Fractional resistance offered to 
movement of parts is low. These testers are more sensitive 
than those in which the weight is guided in the fixture. 
Many of the commercial testers are based on this principle. 


bittssoris | 

















Fig. 5—Spring against spring. (A) spring scales used in 
place of dead weights for testing short-run springs. (B) 
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W, + We shouid 
touch biock 


Fig. 2—Ordnance gage incorporates “Go-no-go” principle. 
Block is bored for specified test length L. Weight W, is 
slightly less than the minimum specified load at L and 
therefore should not touch block; W, plus load tolerance 
We. must touch block for the spring to be acceptable. 


Weights Pivot poin 














Counter weight 
for zeroing in 


Stop 


Collar-odjusted for test length 


Ram rod Fig 


Fig. 4—Zero-gradient beam. Uses refined pivot-beam 
principle. Ram rod is pushed up with pedal or air cylinder. 
Beam must not touch contacts A or B. Contacting A 
indicates spring too weak; B indicates spring too strong. 


Movob/le 
scole-cilamped 


fo plote 








“Test spring Calibrated 
compression) spring 


Plote 





Test spring 

(extension) 
Similar results obtained by using calibrated springs. Section 
x calibrated for deflection readings; y for load. 
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Spring dimensions are based on calculations using 
empirical-theoretical equations. In addition, allow- 
ances are made for material and manufacturing 
tolerances. Thus, the final product may deviate to 
an important degree from the original design crite- 
ria. By testing the springs: (1) Results can be entered 
on the spring drawing, thus including actual per- 


formance data; this leads to more realistic future 
designs. (2) Performance can be checked before 
assembling spring in a costly unit. 

Shown below are 12 ways, Fig. | to 5, to quickly 
evaluate load-deflection characteristics; for more 
accurate or fully automatic testing, Figs. 6 and 7, 
describe 5 types of commercial testers. 





Weighing heads Test weight 



































Cantilever “ Adjustable 
springs ? contacts 











Detail of 
weighing head 
Fig. 6—Fully-automatic testing. Continually moving rotary 
table with three testing positions. Springs are loaded 
manually but tested and ejected automatically. Weak 


springs that allow lower point to make contact are ejected 
at position A; springs too strong ejected at B. All springs 
reaching point C are ejected as acceptable. 


Compression head~_ Deflection dial For extension 


= naicotor springs 
For compression “ ° 
springs 


Counterweight 
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Operated by 


Mingoture rack and geor 


ball bearing 
». 








Test spring 
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Pontagraph + 


Weight pon 














Load dia 
indicator 


Pneumatic cylinder 


For extension springs” for appling loads 
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Fig. 7—Commercial testers: (A) Balanced-beam tester uses dead weights 
for loads. Pantagraph linkage keeps weighing head vertical irrespective of 
beam movement. Load capacity: 10 Ib. Baldwin-Lima-Hamilton Corp. (B) 
‘Siteenetes Contact Calibrated spring tester available in several models for testing loads up 
screw points to 1000 Ib. Load applied manually through gear and rack; motor-driven 
units can be attained for applying heavier loads. Link Engineering Co. (C) 
Pneumatic-operated tester uses torque bar system for applying loads and 
a differential transformer for accurately measuring displacements. Wide 
table permits tests on leaf springs. Load capacity: 2000 Ib. Tinius Olsen 
Testing Machine Co. (D) Electronic micrometer tester has sufficient sensi- 
tivity (0.0001 in.) to measure drift, hysteresis and creep as well as load 
deflection. Adjustments made by large micrometer dial; contact indicated 
by sensitive electronic circuit. Load capacity: 50 Ib. J] W Dice Co. 
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Water lubricated bearings 


STANLEY ABRAMOVITZ, Continental Bearing Research Corp., New York, N.Y 


W/ ater lubricated—fluid film—bear- 
ings are a development of the need for 
zero leakage in closed loop nuclear 
power plants. Sealed pumps—to solve 
the leakage problem—require that the 
bearings be surrounded by and, there- 
fore, lubricated with the fluid being 
pumped as well as having high relia- 
bility and a minimum of maintenance. 

Research and development con- 
ducted on journal and thrust bearings 
for nuclear applications have been ex- 
tended and is applicable to other liq- 
uids that are corrosive and of low vis- 
cosity. Fluid film bearings now can be 
reliably applied and lubricated by such 
liquids as gasoline, kerosene, liquid 
foods, radioactive waste, and others. 

To find the place of the fluid film 
bearing in design a comparison must 
be made with the remaining two 
classes of fluid lubricants—oil and gas. 


COMPARISON OF BEARINGS 
Factors that are considered when 
comparing water, oil and gas lubrica- 
tion for bearings are: viscosity, cor- 

rosion and boundary lubrication. 
Viscosity. Generally, the fluid film 
thickness of a water lubricated bear- 
ing is significantly less than that de- 
veloped in oil. The viscosity of oil is 


Bearing shell 





-End plate 


Housing Shaft (journal ) 





Fig. 1—Journal bearing with a material 
insert in the bearing shell. Recommended 
materials lack structural strength and 
have low resistance to shock loading. 
Insert is a shrink fit to maintain a uni- 
form compressive stress. 
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about 100 times the viscosity of water; 
hence, the water film thickness is 
about 1/10 the average oil film thick- 
ness, if all other conditions are equal. 
Compared to a gas such as air, the 
water viscosity is about 50 times 
greater. 

The viscosity factor primarily dic- 
tates the maximum allowable operat- 
ing load capacity of the bearing. Even 
for a relatively low load value, a thin 
fluid film is developed between the 
bearing surfaces using water; an 
even thinner film exists for gas. Sur- 
face roughness and contour become 
the limiting factors. A rough or wavy 
surface will cause contact between the 
surfaces moving relative to one an- 
other. The result is either excessive 
wear or seizure. 

Another consideration is water 
purity. Filtration down to two or 
three microns may be necessary; and 
where a gas is used, finer filtration 
may be required for purity. 


Corrosion. This may be a limiting fac- 
tor as the corrosion products can con- 
taminate the water. Corrosion parti- 
cles can be as thick or thicker than 
the developed fluid film. Once carried 
into the film area, scoring and even- 
tual seizure could occur at the bearing. 


+5 Journa/ center 


Oil containing oxidation inhibitors 
keep corrosion to a minimum. Air de- 
pending on moisture content, will oxi- 
dize noncorrosive materials but at a 
slower rate than water. An inert gas 
will not support corrosion. 

Therefore, material selection is im- 
portant from the standpoint of cor- 
rosion in these types of bearings 


Boundary lubrication. Oiliness is gen- 
erally associated with boundary lubri- 
cation. Oils, to a varying degree, 
possess the characteristic of covering 
the bearing surfaces with a molecular 
layer that reduces friction. Boundary 
conditions exist at two conditions: 
when starting and before a significant 
hydrodynamic film is developed; and 
as the bearing comes to rest. 

Evidence indicates that water and 
gas are ineffective when the bearing is 
operating in the boundary region. The 
thin oxide film that forms on bearing 
surfaces is of some help; however, 
relatively high friction and the possi- 
bility of excessive wear, galling and 
eventual seizure of the surface in con- 
tact should be expected upon starting 
and stopping. 

A method of obtaining suitable 
boundary conditions is by proper bear- 
ing material selection. Other methods 


-Inserted bearing materiat 


End plate 


Pad pivot (hardened) 


























Fig. 2—Tilting pad journal bearings are used to prevent instability. High speed and 
low imposed load cause whip or whirl generally when water and particularly when 
air are used. A stability analysis is recommended before installation. 
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used include: bearing surface profile; 
and treatment of the water. 


BEARING CONFIGURATION 


Journal bearings. The low viscosity of 
water and air require a relatively small 
radial clearance; hence, the developed 
load carrying fluid film will be even 
smaller. If the journal diameter is 
large, the span between bearings 
great, and temperature distortions are 
involved, self-aligning bearings are 
mandatory. 

A 360 deg journal bearing designed 
for misalignment is shown in Fig. 1. 
Where loads are light, soft rubber may 
be used between the bearing shell and 
housing to produce a simple, but ef- 
fective, self-aligning bearing. The self- 
aligning tilting pad journal bearing, 
Fig. 2, will normally prevent instabil- 
ity at high speeds. 

Self-aligning bearings are not al- 
ways necessary and where economy is 
a factor, and deflections and distor- 
tions are at a minimum, a fixed bush- 
ing may suffice for certain applications 


Thrust bearings. The large diameter 
and size of these bearings make them 
highly sensitive to shaft deflections or 
distortions therefore, where reliability 
is essential, even under moderate 
loads, and equalized tilting pad bear- 
ing, Fig. 3, is used. Fig. 4 shows the 
assembled and disassembled bearing. 

Tapered land bearings, Fig. 5, also 
are effective in water applications. Al- 
though it appears to be a rather simple 
and inexpensive bearing, the degree of 


Pad pivot 


/nserted material 


> Pad 


MECHANICAL 


taper is critical and requires a costly 
scraping jig to maintain control in pro- 
duction. However, it is effective where 
the thrust face O.D. is small (1% in.) 
and the thrust loads are low. 

The simplest thrust bearing is a flat 
washer; in essence it is comparable in 
operation to a face seal. Loads must 
be kept to a minimum, as above a 
critical load value the wear rate be- 
come intolerable. This type should be 
used for guide purposes where rela- 
tively light and intermittent loads are 
anticipated on the rotating shaft. 


BEARING MATERIALS 


Factors to be considered are: com- 
patability with regard to friction and 
wear; conformability; and corrosion 
Materials such as the Babbitts and 
straight carbon steels normally used 
in oil lubricated bearings can not be 
used because of poor resistance to cor- 
rosion. Copper based alloys are used, 
but corrosion is a limiting factor, espe- 
cially at elevated temperatures. In 
general, the very hard materials pos- 
sess the best characteristics for bear- 
ings using water lubrication 


Carbon Graphite. Material is com- 
patible with many materials, provides 
its own solid boundary lubricant, it is 
machinable, and will conform by wear 
without serious damage to the bearing 
surfaces. Although some wear will oc- 
cur, the major disadvantage is poor 
resistance to shock loading. However, 
if adequately supported and retained 
carbon graphite can be used. 


Fig. 3—Thrust bearing section. Pin 
construction equalizer system is an 
effective design for water and gas 
lubricated bearings. Freedom for 
articulation is mecessary because 
of the thin film thickness. 
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Carbon graphite should not be usea 
for gas lubricated bearings. A small 
amount of wear could change clear- 
ances or surface profile and this, in 
turn, would affect the operating char- 
acteristics of the bearing. 


Ceramics. Sintered carbides and ce 


ramics have good wear characteristics 


Fig. 4—Thrust bearing. (A) Assembled 
(B) Disassembled. Equalizers are arranged 
so that each pad will be free to move 
up or down to assume an equal share 
of the total thrust load regardless of 
variation in perpendicularity between the 
collar face and the shaft centerline. In- 
serted material use a zero or loose fit in 


the retainer to permit expansion at 
temperature without surface distortion. 


Material Removed 


Fig. 5—Tapered land bearing. Taper is 
critical if bearing is required to stop and 
start many times. Wear occurs and taper 
is eliminated. Also, there is no provision 
for misalignment and the collar and 
bearing face must be parallel. 
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and freedom from galling. They are, 
however, sensitive to contaminants 
and water should be filtered to 2 mi- 
crons or less. Shock resistance is about 
four times that of carbon graphite but 
adequate support and retention of the 
bearing is required. 

Tungsten carbide or aluminum ox- 
ide deposits on the base metal im- 
proves brittleness and expensive means 
of supporting may be eliminated. De- 
posits are thin and will resist reason- 
able loads and thermal shocks. 


Stellites. These have excellent corro- 
sion resistance and show good com- 
patibility with carbon graphite. Other 
compatible with carbon 
graphite are: nitrided 300 stainless 
steel, 17-4 PH stainless steel, chrome 
plated 300 stainless steel. A hardened 


materials 


400 stainless can be used but corro- 


sion resistance is inferior 


Rubber and wood. Of the woods, lig- 
num vitae which is extremely hard 
and dense is the most used. It is cor- 
rosion resistant, and because of high 
resin content, it possesses self-lubricat- 
ing properties 

Rubber has been used effectively 
where abrasive materials are present 
Generally, journal bearings have lon- 
gitudinal grooves for the water which 
acts as a coolant and lubricant. 

These materials are not applicable 
for gas lubrication as rubber and wood 
readily distort and, therefore, change 
in surface profile 


DESIGN THEORY 


Water and oil possess the same hy- 
drodynamic characteristics. Viscosity 
decreases with an increase in tempera- 
ture and it can be considered incom- 
pressible. Water has a low boiling 
atmosphere pressure, and 


cavitation is a consideration at ele- 


point at 


vated temperature 

Gas is a compressible fluid and 
viscosity increases with an increase in 
temperature. Gas as a lubricant is an 
answer for high temperature uses. 

Tests indicate that the practical 
minimum film thickness below which 
metal contact will occur is about 60 
microinches with the surfaces lapped 
to about 2 microinches rms. Oil lubri- 
cated bearings are designed for 500 
psi loads with a developed film thick- 
ness of 0.001-0.004 in. Air lubrication 
(hydrodynamic) bearings should not 
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Fig. 6—Unit load vs developed film 
thickness. Curves are a comparison only, 
as the absolute values are a function of 
bearing dimensions and velocity. 
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80 
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Fig. 7—Comparison of power loss for 
oil, water and air lubricated bearings. 


be loaded above 10 psi and will devel- 
op a film thickness of about 0.0001 in 

Water lubricated bearings fall be- 
tween gas and oil. Recommended load 
is 40 psi although some have oper- 
ated to 200 psi. Film thickness is 
usually between 0.0002-0.0005 in. Fig 
6 shows curves of unit load vs devel- 
oped film thickness. 

Because of the low viscosity of air 
and water, low power losses are met 
Fig. 7 compares the power loss fo 
oil, water and air lubricated bearings 
Associated with power loss is the tem- 
perature rise of the fluid. Water will 
generally rise between 5 and 10 deg in 
passing from inlet to outlet. Air is 
somewhat lower. 

Heat can be dissipated to surround- 
ing air through piping and casing 
walls. Where operating temperatures 
are relatively high or where conditions 
of speed produce a large temperature 
rise, adequate cooling is necessary to 
prevent the water from steaming. 


a concern in oil lubri- 
cated bearings at high speeds 
met at normal operating speeds in air 
and water bearings because of the low 


Turbulence 
can be 


fluid viscosity. Two major effects re- 
sult: (1) film thickness is reduced or 
destroyed; and (2) power absorbed 
will increase. Bearings should be de- 
signed for laminar flow conditions. A 
Reynold’s number of 700 is the upper 
limit for thrust bearings. For journal 
bearings an equation is available to 
determine the speed at which turbu- 
lence will exist for a specific set of 
bearing conditions. 

Surface profile is an important fac- 
tor in bearings operating at relatively 
low loads. This applies to pad and 
segmented type bearings and is partic- 
ularly important where the pad is cen- 
trally pivoted. Surface configuration is 
normally a spheroidally convex crown 
and is about 4% (crown height) the 
minimum film thickness developed 
This shape reduces starting friction, 
especially with air as the lubricant 
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From: American Machinist 


MECHANICAL PARTS AND DESIGN ANALYSIS 


Sleeve bearing alignment 


R. J. SOLLOHUB, manufacturing engineer, General Electric Company 


Exc ESSIVE friction losses and bearing 
failures can be prevented if the basic 
reasons for tight-running shafts are 
considered. In many instances, boring 
or reaming operations at assembly can 
be omitted without opening up bear- 
ing-to-shaft designed clearances. 

Three possibilities for shaft-bearing 
1. The 
most important factor is bearing angu- 
larity, although this is the most usually 
omitted tolerance dimension 


interference are shown in Fig 


( La 
Where C 
essary only to prevent shaft and bear- 


tan @ + ¢€/ 2D + S/2) 


bearing clearance nec 


ing interference. 

Li bearing length 
bearing anguiarity as in 
Fig. 1 (D 

Concentricity error, total indi 

cator reading 

D Distance between bearing 

» Shaft runout, in. /i 


Angle @ is difficult to measure; it is 
usually expressed as runout in 0.001 
in. per unit diameter on the face of the 
bearing assembly, or W/D, where 
u total indicator reading and D 


the diameter swept by the indicator 


EXAMPLE: 
Consider a shaft 10 in. between 


bearings. Total shaft runout is 0.003, 


or 0.0003 in. per inch of bearing 
length. Eccentricity of bores is 0.003 
in., and W, commonly called wobble, 
is equal to 0.003 in. on a 5-in. dia 
Then: 


0 003 0.003 0. 0003 


5 000 2% ? 


0. 0006 0 00015 0 OO15 


0.0009 in 


By eliminating all concentricity and 
shaft runout error, C 
duced by only 0.0003 in. If only bear- 
ing angularity 
clearance required would be reduced 
by 0.0006 inches 


The greater the distance between 


would be re- 


were corrected, the 


bearings, the less effect concentricity 
error will have. Shaft runout is perti- 
nent only within the bearing length and 
is generally easy to maintain. Bearing 
angularity, however, is harmful re- 
gardless of distance between bearings 

In Fig. 2, concentricity is dependent 
on both endshield and motor frame 
Bearing angularity is dependent on 
squareness of endshield faces and par- 
allelism of Thus, the 


faces of the frame should be machined 


motor faces 


at the same time on an arbor, and 
alignment of the machine heads to 
maintain parallelism is more important 
than concentricity of bores. Endshield 
faces should be machined after the 
bearings have been inserted, by finish 


A 


A True alignment 
r 


< 

rn 
Pa 

Lp -> B Bent shoft 


Eccentric bores 


Beoring 
angularity 


U 


boring the bearing or by a qualifying 
cut locating from the finished bore 

Fig. 3 shows a typical gear train, 
where parallelism of the two endplates 
and assembly of the bushings are criti 
cal. If the bushings are not machined 
true and assembled true, alignment 
The OD of 
the bushing should be turned with a 


will be almost impossible 


step lead as illustrated, and the bush- 
ing should be pressed in square 
Ordinary commercial arbors should 
not be used to qualify motor-frame 
rabbets or to turn the OD of bushings 
These arbors 


0.001 to O.OOLS in 


generally have from 
taper per inch 
Step-type arbors ground in 0.OOO1 in 


increments should be used 


REFERENCI 

Sleeve Alignment by R 
Sollohub, General Electric 
Fort Wayne, Ind 


Machinist, December 17, 1956, p 151 


Bearing 
Company, 


Published in American 
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Unusual applications of 





Housing Housing 


Fig. 1—BALL-BEARING SLIDES. 
Six miniature bearings accurately sup- 
port a potentiometer shaft to give 
low-friction straight line motion. In 
each end housing, three bearings are 
located 120 deg radially apart to as- 
sure alignment and freedom from 
binding of the potentiometer shaft. 

















Bearings 








Fig.| 


Bearing 
a 


Fig. 2—CAM-FOLLOWER ROLLER. Index 
pawl on a frequency selector switch uses bear- 
ing for a roller. Bearing is spring loaded against 
cam and extends life of unit by reducing cam 
wear. This also retains original accuracy in 
stroke of swing of the pawl arm. 








Fig. 3—SEAT FOR PIVOTS. Pivot-type bear- 

ings reduce friction in linkages especially when 

manually operated such as in pantographing 
Two pivot Adjustable mechanisms. Minimum backlash and maximum 
bearings pivot cones accuracy are obtained by adjusting the threaded 
bech-le-bock f pivot cones. Mechanism is used to support 
diamond stylus that scribes sight lines on the 
lenses of gunnery telescopes. 





\ 


























Linkage 





Fig. 3 


0 

Fig. 4—SHOCK-ABSORBING PIVOT POINT. Bearing adjustments 
with spherical seat resting on spring acts as a pivot point 

and also absorbs mild shock loads. Used on a recording 

potentiometer that is temperature controlled. Spring 

applies uniform load over short distances and gives uni- 

form sensitivity to the heat-sensing element. Close fit of 

bearing in housing is required. 
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R. H. CARTER, 


m n atu re bea ri n g Ss nti Teen 





Beoring 








Fig. 5—PRECISE RADIAL ADJUSTMENTS 
obtained by rotating the eccentric shaft thus 
shifting location of bearing. Bearing has special- 
contoured outer race with standard inner race. 

Application is to adjust a lens with grids for oe Eccentricity 

an aerial survey camera. 




















Eccentric shoft 





Thrust bearing 





Threaded s far 


— Fig. 6—SUPPORT FOR CANTILEVERED 
Stepped ast : SHAFT obtained with combination of thrust 
——— and flanged bearings. Stepped collar provides 

seat for thrust bearing on the shaft but does not 
interfere with stationary race of thrust bearing 
when shaft is rotating. 
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Ring bearings 





Fig 6 
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Cylinder 

















Fig. 7—GEAR-REDUCTION UNIT. Space 
requirements reduced by having both input and 
output shafts at same end of unit. Output shaft 
is a cylinder with ring gears at each end. Cyl- = 7 
inder rides in miniature ring bearings that have ~Shoft 
relative large inside diameters in comparison 


to the outside diameter. J 


Outer bearing race Rubber tip 
for tachometer 
readings 

' 

















Collar 

















/nner beoring race. 


Fig. 8—BEARINGS USED AS GEARS. 
Manually operated tachometer must take 
readings up to 6000 rpm. A 10-to-1 speed 
reduction was obtained by having two bear- 
ings function both as bearings and as a 
planetary gear system. Input shaft rotates 
the inner race of the inner bearings, causing 
the output shaft to rotate at the peripheral 
speed of the balls. Bearings are preloaded 

/ input to prevent slippage between races and balls. 
Output shoft shott Outer housing is held stationary. Pitch di- 
(cylinder) ameters and ball sizes must be carefully 


Bearing 2 A 
calculated to get correct speed reduction. 
Stationary housing s 








Product Engineering — Mid-October, 1957 





From Modern Machine Shop 


Proper hole design 
can reduce part cost 


Knowledge of the machining operations required on a part can improve the 


design and reduce cost. Examples of hole designs show how material may 


be saved, tool breakage and dulling reduced and redesigns eliminated. 


Tapped hole in casting wall. (A) Drill 
and tap break-through on a radius which 
can cause tool breakage. (B) Partial boss 
around the hole prevents break-through 
but requires drilling and tapping a blind 
hole. (C) Dimpling or recessing the wall 
directly below hole saves time in drilling 
ind tapping as hole is shorter. Thickness 
of metal around the recess should be the 
same as that of the wall, otherwise a 
shifting of cores or too much shaking of 
the pattern in the mold might leave an 
opening or a weak spot in the casting 


Centering boss for machining. Without 
boss Y a special center had to be made, 
Ss in. dia and 1% in. long to reach 
point X. Long over hang and small 
diameter are too weak to hold part 
securely for machining. Boss Y elimi 
nates special center and, as surface Z 
requires finishing boss, was milled off 
after grinding other surfaces. 


Hole requiring a jig and fixture. (A) Ad 
justing screw nut requires use of a special 
drill jig bushing. Adjusting nut is fastened 
to mating part with four screws and two 
dowel pins. To properly drill the holes, 
starting on a rounded surface and at a 
considerable angle, jig bushings X with 
special ends are needed. If bushing ends 
were cut perpendicular to axes, the drill 
would tend to run down the radius 
(B) Redesign used square stock with 
corners broken with a file. Drills, ream- 
ers and counterbores are started on the 
flat surface. Liner bushings and jigs are 
not needed. Special machining is elimi- 
nated and length of stock required is 
reduced by using redesigned method 
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A 
Drilled hole in casting rib. (A) Hole may 
be centrally located or off-center. Drill 
break-through into space can cause drill 
breakage and the hole location can 
weaken rib to the point of fracture. Hole 
or rib should be relocated. (B) If neither 
is possible, a round boss of generous 
proportions should be designed in the 


area around the drill point of the hole to 
prevent drill breakage. 


B. 


a 





Hole emerging into cored opening. Cast 
ing is cored with a 1% in. wide recess, 
4. Drilled and reamed hole, B, is 1.250 
in. + 0.0005 in. If the hole hits the 
recess centrally, both the drill and reamer 
have to drag over hard scale which can 
damage the cutting edges. If the hole is 
slightly off-center, the drill will cut into 
wall of the recess. Remedy is to make 
the hole smaller or the cored opening 
larger to reduce cutter damage. 


rf 
































Drilling and reaming into cored angular 
groove. Cast iron piece is bored and 
reamed to 1% in. Groove, A, was cored 


1%4 in. diameter and % in. wide. Hole 


is % in. dia. Groove was cast because 
the hole is too long to turn or bore in 
the recess. Drill scraped scale as it 
broke-through. Groove redesign, B, made 
the hole wider to alleviate drill dulling; 
however; break-through was difficult 
Final design, C, widens the groove but 
maintains the % in. dia drill. 
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Drilled hole near casting wall. (A) Drill! 
must machine away metal formed by the 
radius of lower end and the periphery of 
the drill is forced to scrape against hard 
casting surface scale, dulling the drill 
(B) Periphery of drill clears the wall but 
still cuts out radius. Dotted line design 
permits even drill break-through. If this 
design weakens the corner, radius can 
be dimpled around each hole 





Bossed hydraulic manifold. Holes can 
vary in center distance up to “% in 
Drill point indentation in center of each 
boss on pattern provides a dimple in each 
boss to start the pipe drill. Method saves 
laying-out, scribing and center punching 
of each boss after casting. All holes are 
centered in boss 














Internal boss for drain hole. Drain hole 
is placed at its lower most level, in hy 
draulic or lubricating oil or coolant tank, 
usually where the hole axis is aligned 
with the bottom surface of tank. This 
permits all sludge to be removed. How 
ever, a half-hole is drilled. A boss on the 
inside wall where the hole is to be drilled 
overcomes this disadvantage. When drilled 
a Ye in. thick wall remains, A, which can 
be chipped or ground away. 
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Hole in 45 deg sloping wall. Added boss 
accommodates the hex head of the hold 
ing screw. Drill does not easily break 
through the 45 deg angle surface but, 
after it does, it clears the inside of the 
wall. Design indicated by dotted line 
4-A reduces drilling time and drill 
breakage Design also permits even cool 
ing of casting eliminating shrinkage not 


possible with only an external boss 
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Reducing size of a jig or fixture. Adjust 
ing screw extension is used to raise a 
machine component a considerable dis 
tance. Bronze nut is pinned tangentially 
in casting. Original design had a bolt 
circle flange as shown in both views at X 
Redesign has flutes cast nearly the entire 
length of part as shown at } Base 
diameter is reduced. Smaller bolt circle 
Strength of both designs 
is equal as wall thickness around the 
inside of the flutes is maintained 


reduces jig size 
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Drilling and tapping an adjusting nut. 
fo drill the body size hole a center 
punch mark is made at X. A drawing 
note depth dimension does not tell oper- 
ator if measurement is made from point 
¥, Y or Z. A drawing dimension from X 
s difficult to measure. The hole should 
be drilled 44 to %@ in. deeper than the 
part center line. Tap size drill is then 
inserted into the hole, being centered by 
drill point B. Tap is free to turn in the 
body size hole which is usually Yq to 

in. larger than the tap. Operation 
requires a long tap and power. If hand 
tapped, the tap may be started from the 
lower end of the tap drill hole previously 
drilled and machined 




















Pocket for the screw head and socket 
wrench are cast integrally in a capped 
bearing. Approaching surface is formed 
in the pattern with a 30 deg cut from the 
vertical as shown at A. A boss surrounds 
the screw both above and below the part 
ing line at the center of the bearing 
The surface below the screw head is 
spot-faced to assure a flat surface. 
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Back-counterboring and back facing should be avoided. (A) Although the 1'4 in 
length of screw can be threaded into the finished counterbored hole, the operation is 
time consuming and the tools must be dilicately small creating the possibility of 
chatter during operation. (B) Redesign by raising the angular wall and bossing and 
drilling to accommodate the counterbore from above saves times and tooling costs 
Upper hole is plugged before assembly 


Dovetail slide lubrication. Drilled oil passage, A, connects with vertically drilled 
passages through which oil flows to the dovetail surfaces. End of hole A is plugged 
permanently at B. Hole A runs out of one side of the dovetail at an angle, as shown 
at C, and starts in on the other side of dovetail at D. Even with a guide, E, to start 
the hole at D, the drill point, being approximately the same angle as a 60 deg dovetail, 
is difficult to start. A remedy is to use a Woodruff key cutter slightly larger than the 
hole diameter. The key cutter gashes each side of the dovetail to a shape shown at / 
This allows drill to break through and again to start on a comparatively straight 
surface at the bottoms, G, of the circular gashes 
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Pulley attached to a shaft. (A) Pulley hub is usually attached at XY with a headless set 
screw. Where hub can not be used, set screw is sometimes placed at the bottom of a 
groove, as shown at Y. Threads of the screw hole will chew up surfaces on the sides 
of the bolt. (B) Set screw is half in the pulley and half in the shaft. The hole is bottom 
tapped and the screw is driven until it bottoms and wedges tight 




















T 


Fastening covers to machine tools. (A) Hex head screws used to hold the cover in 
position are pocketed. Dimension H is slightly larger than socket wrench, diameter J 
Core shifting or excessive rapping of the pattern in the sand will cause misalignment 
between pocket and jig hole spacing. To accommodate socket wrench, diameter EF, the 
pocket must be milled as shown in C. To avoid the milling operation and poor 
appearance the pocket should be planned for misalignment as indicated by D. The 
new wrench circle diameter E establishes the pocket radius F. (B) 
location and pocket clearance for maximum misalignment 


LO. 


Indicates new screw 
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Heavy wall should be used where a 
tapped hole enters a coolant or oil tank 
to prevent seepage around the screw 
threads. A thin wall requires a boss on 
the inside wall of the tank. Boss with 
radius X can cause trouble by hole not 
being centrally located. Boss should be 
made as shown at B, with radius Y or 
by the heavily shaded section around the 
small boss. Drill hole can be off center 


by “4 or % in. without danger 
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Drilling and tapping close to a bored 
hole. Binding screw for clamping a 
member about a sleeve, shaft, spindle 
bearing or bushing should not be too 
close to the main bored hole. Although 
leverage is reduced, close drilling and 
tapping can form a burr on the bored 
hole. Bore then requires rereaming or 
hand scraping 
tween the screw and the bore should be 


1 


‘sq in. Minimum 


Thickness of metal be 


Socket head cap screws permit neater and 
more compact design, than for hex head. 
Wrench opening in head eliminates the 
socket wrench diameter consideration 
Heads are smaller than the hex head 
screws; hence the pocket can be smaller 
However, the same consideration must 
be given to dimensions H and F and also 
the maximum anticipated dimension at D 


REFERENCE 
Cost Reduction Through Proper Design 
by Fred Rogers. Published in Modern 
Machine Shop, January 1957 and February, 
7 112-119 and p. 108—115 respec- 
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Fits Like A Glove! 


Fits because—this basic New Departure ball bearing, more 
widely used than any other antifriction type, does much 
more than carry RADIAL loads—it locates the shaft it 
supports against THRUST LOADS FROM BOTH DIREC- 
TIONS equally well! 


Fits because—with a simple snap ring added, it does away 
with inside housing shoulders, simplifying mounting and 
cutting machining costs! 

Also—with efficient Sentri-Seal added, without change in 
exterior dimensions, it eliminates a separate outside closure 
—assures protection from outside dirt! 


And—with Sentri-Seals on both sides, this same basic bearing 
does away with all separate seals, eliminates all need for 
lubricating fittings—requires no attention for greasing! 
Finally—it is a long-lived, non-separable unit that calls for 
no shims or other devices for periodical adjustments. 

So, specify New Departures of the type that assures you 
maximum application proficiency and economy. 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 





NEW DEPARTURE e@ DIVISION OF GENERAL MOTORS e BRISTOL, CONN, 
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Metal Bellows 


and 


Bellows Assemblies 


Now, more than ever before, Bridgeport is your 
key source for complete service on seamless 
metal bellows and bellows assemblies. Current 
pioneering developments in the areas of small 
diameter metal bellows and space-saving 
‘*Formset”’ bellows for airborne and industrial 
miniaturization applications, highlight a con 
tinuing program of improvements in manufac 
turing techniques, materials, testing and re 
search. These factors, combined with America’s 
most modern engineering and production facili 
ties for metal bellows, put Bridgeport high on 
the list of bellows suppliers 


Everything and anything you need in metal 
bellows and complete bellows assemblies is 
readily available to you from Bridgeport. All 
Bridgeport Bellows are custom-engineered to 
specific applications ... in sizes from as small 
as ',’’ diameter up to 57,’ diameter. Larger 
sizes on special order. A wide range of metals, 
including brass, phosphor bronze, beryllium 
copper, monel, stainless steel, inconel and 
inconel-X, is used to meet strength, pressure, 
temperature and corrosion requirements. These 
are the areas where Bridgeport can help you 
most—custom-engineering and producing at 
lowest possible cost a bellows or bellows assem 
bly with the exact characteristics essential to 
improved performance 





Typical Metal Bellows Applications 


The assembly drawings on these pages are shown 
with a double purpose: (1) to illustrate the simplicity 
and versatility of the bellows principle in a variety 
of applications, and (2) to suggest other possible 
uses of metal bellows in the equipment or com- 
ponents you design or manufacture. Remember that 
all Bridgeport Bellows and Bellows Assemblies are 
custom-engineered to meet exact and exacting 
requirements and conditions. 


HEADER ASSEMBLY 


Making room for the thermal expansion of oil encasing 
a gyroscope is the job of this assembly. 
A 'Formset” bellows is used to save space and keep 
the pressure, produced by the spring 
action of the bellows, very low 























AIR VENT THERMOSTAT 


This vapor charged unit allows air to 
escape from a system. When steam reaches 
this assembly, the vapor pressure in the bellows 
forces the poppet against a seat. 


SWITCH COVER ASSEMBLY 


This unit is assembled to a hermetically sealed 
electric switch. In this case, the bellows 
is used as a packless, flexible seal 


ANEROID ASSEMBLY 


As the activating element in an oxygen 
regulator designed for aircraft use, 
this assembly accurately responds to changes 
in altitude. Bellows and spring are matched to 
control the performance within narrow limits. 


SEAL ASSEMBLY 


Zero adjustor for an aircraft instrument... transmits a 
torque from an external source to an internal 


mechanism while maintaining a hermetic seal 








BELLOWS ENDS 
























oe me # ALE? This is a typical example showing at the left 
Ss et et; pee a “dwarf” end trimmed to receive a head. 
4 t Bellows ends can be trimmed in many 
sie Si different ways to accommodate the head or 
. SS heads desired. End convolution of the 





PRESSURE REGULATOR 
This assembly connects to an inflatable arm band pres oe integral pater dpe oy — ’ 
any shape, and can be pierced to specifications. 


used as a controlled tourniquet for medical purposes. 
The bellows acts to open and close an air valve. 


\ 


COMPLETE BELLOWS ASSEMBLIES 


At Bridgeport, an entire engineering group 1s 
devoted exclusively to bellows assemblies 
FLEXIBLE COUPLING By utilizing this specialty service for your 


bellows assembly needs, you achieve these 





A standard line of flexible couplings is available for important advantages: All design factors 


fully co-ordinated no scattered deliveries 
tolerated and where a uniform angular velocity consistently high quality throughout 


use in applications where back-lash cannot be 


is necessary. The use of these couplings will thorough testing under uniform procedures 
reduce bearing wear, and friction created by the only one incoming inspection and 
misalignment of two shafts is reduced to a lowest possible units costs. It all adds up 
minimum. Data and prices on standard to major savings in time, trouble and money, 
couplings available upon request when you let Bridgeport do the job right. 
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025 


003 1D 





188 +002 OD X .125 +00! 


BELLOWS HEADS 


Many types and sizes of bellows heads are 


58% 













TEMPERATURE CONTROL ASSEMBLY manufactured by Bridgeport to customer 
; ; specifications. Heads are usually provided with 
$ This assembly is used as the temperature rounded edge about %’’ thick over which 
sensing element on an oven control for an the bellows end is spun and 
electric stove. It is designed to stroke soldered— providing mechanical strength 
.042" as the temperature at the bulb and perfect sealing. Some types are 


changes from 160°F to 500°F. 


Specialty Bellows 


“Formset” Bellows 


A new design and manufacturing system 
perfected by Bridgeport engineers permits 
Advanced substantial reduction in bellows length. 
development “‘Formset”’ bellows have been used 

reduces length successfully to absorb expansion in liquid 
of metal bellows filled hermetically sealed systems. | 

, Combining a high stroke rating per unit 

IN SOME CaSEs of length with the resulting decrease in free 
up to 90%! length greatly reduces the system’s liquid 
volume, as well as its expansion requirements. 
““Formset”’ bellows also offer the 
advantage of obtaining an extremely low 
spring rate from a very short bellows. 

This has proved particularly helpful in 
designing where it is desirable to keep the 





bellows spring rate to a minimum, 
FORMSET BELLOWS CONVENTIONAL BELLOWS and where space is at a premium. 


willie 
Small Be 


Diameter Bellows BRIDGEPORT 
THERMOSTAT DIVISION 


Milford, Connecticut 


To save vital space and weight in aircraft, 
instrumentation and other equipment, 
Bridgeport has pioneered in the advanced 
development of seamless metal bellows as 
small as 14"’ diameter. These miniature 
bellows are available with various char- 
acteristics in phosphor bronze, brass, 


beryllium copper, monel, or stainless steel. 


Printed in U.S.A Form BT432-7 





Always, at SKF, you will receive 
unbiased advice 


because 
All four 
tion bearings are 


because 

They offer an extraordin 
wide range of sizes and combin: 
meet virtually any requirement 


because 

Their long experience in the 
widest variety of bearing applications is 
your assurance of receiving sound 
recommendations 


because 


Thousands o! 


s P “ 7 " 


f manufacturers SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
have been using the SKF Bearing Ad 


visory Service for many years — always 
with good results. This dependable 
service is available to you, too ‘ 
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Design for a Successful Spring 


Catalogs 
and 
Bulletins 


| 





To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(R-1) Heat Exchangers—Bulletin, 4 
pp. Contains diagrams and data on 
exchangers for combustion engines, 
compressors, turbines. Whitlock Mfg. 
Co., W. Hartford 10, Conn. 


B Engineering Service 
B> Tooling for Large Quantities 


B Planni i 
ng and Scheduling (R-2) Push-Pull Controls—Booklet, 
; | 30 pp. Contains data and diagrams 
eS 7 Control | on flexible and rigid controls. Areas 
Controls, Inc., 2017 Greenleaf St., 


B Packaging B Delivery | Evanston, Ill. 


(R-3) Impulse Steam Traps—Bulletin 
l-1746, 4 pp. Lists applications, and 
gives dimensions, weights and prices 
Yarnall-Waring Co., Philadelphia, Pa 


(R-4) Small Metal Parts—Catalog 21, 
os ' 44 pp. Contains diagrams and data on 
a precision built spring. To supply the above elements takes an assortment of standard lugs, clips, 


These are the basic elements necessary to design and produce 


skill, experience and imagination . . . ingredients that Accurate terminals, and wire forms. Zierick 
Spring provides every one of their customers every day. Mfg. Corp., Beechwood Ave., New 
Rochelle, N. Y. 


Accurate makes millions of springs a month—precision 
springs held to close tolerances by rigid quality control and (R-5) Welded Bellows—Brochure, 4 
pp. Contains data, diagrams and 
: charts of units in stainless steel and 
planned well in advance. Customers are assured of deliveries similar alloys. Belfab Corp., 11 Ra- 


inspection. Production schedules for large quantities are 


scheduled to their needs. mah Circle. Agawam, Mass. 


Proper packaging is necessary too, for ease of handling and (R-6) Steel Balls—Catalog, 12 pp 
speeded production. Untangling springs can be irksome and Contains data on balls of special ma- 
expensive. terials such as high-nickel or cobalt- 

base alloys, tool steel, plastics, nylons 

1 ;, and vacuum-melted materials. New 

These facilities are here to serve you. Just write, outlining Departure, Div General Motors 


your requirements and specifications. Corp., Bristol, Conn. 


(R-7) Mechanical Packings—Bro- 
chure P325, 8 pp. Contains data on 
pressures, dimensions and mechanical 
SPRINGS requirements of units for solvent, 
WIRE FORMS acid, corrosive or alkali. Operating 
STAMPINGS temperatures range from —120 F to 
500 F. Crane Packing Co., Dept 
PEN, 6400 Oakton St., Morton 


ACCURATE SPRING MFG. CO., 3815 W. Lake St., Chicago 24, III, | Grove, m. 
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SPECIFY LORD PRODUCTS 


shock 
for engineered vibration) control 
noise 





HUMAN RESPONSE 
TO VIBRATION 








DOUBLE AMPLITUDE—INCHES 




















TTTttrrry{ BBB ERE 
1,000 5,000 10,000 50,000 100,000 
FREQUENCY CPM 


Vibration . . . shock . . . noise all lower pro- sidered from the functional and economic view- 
duction efficiency and lessen sales appeal. points by our experienced Product Design 

Lord Manufacturing Company’s unmatched and Industrial engineers. This staff is fully 
engineering and manufacturing background backed up by Research and Manufacturing per- 
and facilities are ideally suited to the solution sonnel and facilities second to none in the field. 
of your vibration, shock and noise problems. Contact your nearest Lord Field Engineering 
You are assured that your inquiry will be con- Office or our headquarters. 


ATLANTA, GEORGIA - CEdar 7-1123 DAYTON, OHIO - Michigan 8871 designers 
BOSTON, MASS. - HAncock 6-9135 DETROIT, MICH. - TRinity 4-2060 aii , 
CHICAGO, ILL. - Michigan 2-6010 KANSAS CITY, MO. - WEstport 1-0138 


and producers 
CLEVELAND, OHIO - SHadyside 9-3175 LOS ANGELES, CAL. - HOllywood 4-7593 of bended 
DALLAS, TEXAS - Riverside 1 -3392 NEW YORK, N. Y. - Circle 7-3326 
PHILADELPHIA, PA, - LOcust 4-0147 rubber 


In Canada— Railway & Power Engineering Corporation Limited’ products 


LORD MANUFACTURING COMPANY - ERIE, PA. S0npe ypee™ since 1924 
DR 
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Some SANDSTEEL Pointers © DIMCO-GRAY stock plastic 
On Selecting SPRINGS KNOBS...HANDLES 


For Your Product 


Here are the two basic types of 
Sandsteel springs along with a 
general indication of the type of 


service they are suited for. 


4q SPIRAL 
For Ordinary Applications 


This is the common clock 

spring or hairspring. 

which can be operated 

within a spring drum or No 00 One ben 

anchored to a post so that Wiss, NO TOOL CHARGE! 
it will function without es\e om 

support around its circum- @saerre Wide selection of stock knobs, han 
ference. This is the type of atee- le b 
spring used in recoil start- @ocee: dies and plastic parts available without 
ers for gasoline engines, tooling cost to you! Many minor changes, 
guard return springs for (color, design, inserts, threads, special 
portable electric saws, aes can be made to meet your 
wind-up springs for toys or is . 
tension devices where con- WRITE FOR THI , 
stant torque is not critical. COMPLETE CATALOG! 


SANDSTEEL > ; DIMCO-GRAY COMPANY _ 


CROSSCURVED 
For Super-Performance 
In this unique type of 206 EAST SIXTH STREET ° DAYTON 2, OHIO 
spring. the steel is sub- 
jected to our special 
crosscurving process. It 
is curved across the 
width of the strip and 
the spring is wound 
against both its tem- 
pered spiral and its 
convex curvature. 
This gives the spring 
a dual tension—which 
provides dual power 
and a longer, more 
even release of 
energy. 
This type of spring is 
used where constant 
power is required 
through one or more 
revolutions. Typical 
applications would 
be for timing instru- 
ments, carriage re- 
turn springs for type- 
writers and office 
machines, power 
springs for motion . WHEELED EQUIPMENT 
picture cameras and 
> hg ames If you use wheels in quantity on yon product 
power springs. plan to. the Gleason Catalog is a MUST for you 
It’s packed with specifications, dimensions, load capac- 
contains wheel 


| materials, etc 
requirements 


or 


ities, for over 600 different wheels . . 


selection procedure, design suggestions, purchasing 


When spring performance is im- 

portant, specify Sandsteel ruidance 

springs. Write for free literature — ’ - ; - 

and case history files. Get your copy NOW. Request Catalog No. 400 (on 
your company letterhead, please) for yourself, and 


SANDVIK STEEL, INC. others in your organization who might be interested 


SANDSTEEL SPRING DIVISION 
Fair Lawn, New Jersey 
Tel. Fair Lawn 4-6200 5 LEAS () N 
In New York: Algonquin 5-2200 Be acd eh 
shoose 2 Wheel! 
284 N. 12th St. * Milwaukee 3, Wis, * BRoadwoy 1-8357 


$8-134 
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What's YOUR Roller Bearing Problem? 


Hyarr BUILDS AMERICA'S MOST COMPLETE 


LINE OF CYLINDRICAL ROLLER BEARINGS TO SOLVE IT 


BETTER! 


Life, load, speed, temperature, shaft location—almost every roller 








HYATTS ARE DESIGNED: 


FOR SPEEDS UP TO ; 

50,000 RPM bearing application problem you are likely to face has already been 
From bearings for dow encountered by Hyatt engineers. 

moving construction equip- 
ment to supersonic jet en- 
gines, Hyatt builds roller : 
bearings to meet almost any competent design assistance, you can also depend upon the con- 
speed requirements. sistent high quality and uniformity of Hyatt Bearings. 


Armed with a complete line of bearings, they can usually come up 
with an answer to your particular design problem. In addition to 





HY-LOAD 


. 
High-capacity cylindrical / 
roller bedrings for heavy \ 
FOR TEMPERATURES FROM radial loads and light or 
BELOW ZERO TO 450°F. intermittent thrust loads. : , 


Conventional steels can be 
stabilized by heat treatment —— 
for operation up to 450°F. | 

Beyond this we can provide 
special high-temperature INDUSTRIAL INCH 
steels for special needs. Designed for slow-moving, 
heavily-loaded machinery 
where large-diameter shafts 
are usually employed. 





es 


FOR LOADS RANGING UP TRUNNIONED ROLLER 
TO 103,000 POUNDS 
From small bearings for For industrial trucks, tex- 
lawn mowers to the huge tile machinery, gear pumps, 
heavy-duty types used in conveyors, hoists and agri- 


giant diesel locomotives, cultural vipment 
Hyatt builds bearings for — 


every load requirement! 


WOUND ROLLER 





A three-part separabie pear- 
ing, which provides maxi- 
mum resistance to shock, 
IN SIZES RANGING FROM | abrasion and fatigue. 

¥%," OD TO 14” OD J 

Hyatt offers a wide variety - 
ef bearing types and sizes. 
Each Hyott Roller Bearing 
assures maximum life in These are a few of the reasons why experienced design engi- 
each individual application. neers have learned to reach for a Hyatt catalog. Lf you need 
the technical assistance of a sales engineer, call or write Hyatt 
Bearings Division, General Motors Corporation, Harrison, 
New Jersey, Pittsburgh, Chicago, Detroit, Oakland, Calif. 











AVAILABLE THROUGH UNITED MOTORS SERVICE DISTRIBUTORS EVERY WHERE = 
WAT HMiy-ROLL BEARINGS 
FOR MRAODERA IA DUSTRY 
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SECTIONAL — Simplest 
weave, for light loads 
where low initial cost is 
desired. 





BALANCED—High tensile 
strength, low ultimate cost 
belting for operation up to 
1300°F. Resists distortion, 
designed for straight travel 





ROD-REINFORCED — 


Highest tensile strength 
and low thermal capacity 
it is recommended for 
high temperatures, up to 
2100°F. Undergoes mini 
mum elongation and width 
contraction. 


Z 


DUPLEX — Compact struc 
ture of great density pro 
vides high tensile strength 
The close mesh provides 
smooth surface for carry 
ing small ports and plastic 
materials. 


TU UU UU UY 


GRATEX—Close spirals 
retain the advantages of 
Balanced weave, while 
adding strength. For cold, 
medium and some high 
temperature applications 


RIP PP i ¥ 


DOUBLE BALANCED— 
A widely used weave com- 
bining open mesh of Bal 
anced weove with the 
strength of Gratex. For 
cold, medium, some high 


temperature applications 





MULTI-STRAND 
cCorRDUROY 





INTERWOVEN 


How to select 
WOVEN WIRE 
CONVEYOR BELTS 


for Continuous Processing 

















F58 


As you know, woven wire conveyor belts are 
widely used for combining movement with processing 
in many continuous operations——heat treating metal 
parts; washing, blanching and freezing food prod- 
ucts; annealing and decorating glassware; washing 
and curing chemicals and plastics. 


However, there is no single type of belt construc- 
tion suitable for all processes. Some require a smooth 
belt surface, some exceptional strength, others high 
corrosion resistance. That’s why Cambridge has nine 
basic weaves available. Each is shown here with the 
important characteristics of the six most frequently 
used. The last three are special-purpose weaves for 
installations requiring exceptionally smooth surface 
and dense mesh for very small parts. 


There are several factors that generally influence 
selection of weave, mesh size and metal or alloy from 
which the belt will be woven. Among them are: size, 
weight and shape of product te be handled; tempera- 
tures to which belt will be subjected; presence of wet 
or corrosive conditions. Even after these have been 
decided, overall belt construction must be designed 
to meet individual requirements type of drive, sel- 
vage, support and special surface attachments must 
be selected. 

You can see, then, that designing for continuous 
processing with woven wire conveyor belts is not a 
simple “nuts and bolts’’ job. Ramifications build up 
rapidly to demand the service of a specialist. That’s 
why Cambridge maintains a staff of competent Field 
Engineers to help you select the Woven Wire Con- 
veyor Belt to make your installation most efficient. 
You can rely on the experience of these engineers to 
specify just the right belt for you. In addition, they 
are thoroughly familiar with basic conveyor design. 
For the name of your nearest Cambridge Field 
Engineer, look under ‘Belting, Mechanical” in your 
classified telephone book. Or, write direct. Also ask 
for 130-page Reference Manual of specifications and 
design information. 

THE CAMBRIDGE WIRE CLOTH COMPANY, 
DEPT. AP, CAMBRIDGE 10, MARYLAND. 


Catalogs and Bulletins continued 


(R-8) Push-Pull Remote Control— 
Brochure, 4 pp. Contains data and 
charts on a unit which will manipu- 


late up to 1,000 lb. Controlex Corp., 
of America, Hangar 18, Westchester 
County Airport, White Plains, N. Y 


(R-9) Miniature Ball and Roller Bear- 


ings—Catalog, 16 pp. Contains data 
on tolerance standards, internal clear- 
ances, load capacity calculations, 
speed limitations, and mounting. Lan- 


dis & Gyr, Inc., 45 W. 45 St., N. Y 


(R-10) Casters—Brochure 4 pp. Con- 
tains data on units for appliances and 
furniture. Nagel-Chase Mfg. Co., 2811 
N. Ashland Ave., Chicago 13, Ill 


(R-11) Centralized Lubrication 
tems—Catalog 34-20, 16 pp. Contains 
diagrams and data on valves, pumps, 
and units. Stewart-Warner Corp., 1826 
Pkwy., Chicago 14, Ill 


Sys- 


Diversey 


(R-12) Gaskets and Shims—Booklet, 
4 pp. Contains data on material pro- 
duced in 12 gages from 0.001 to 0.30 
in. General Gasket, 
Rd., Clifton, N. J. 


Inc., Industrial 


Valves 
diagrams 


(R-13) Driers, Filters and 
Brochure, 8 pp. Contains 
and data on check valves, drier-filters, 
flare nuts and liquid indicators for re- 
Remco 


frigeration equipment Inc., 


Zelienople, Pa. 


(R-14) Coil Springs 
Contains chart and data. Dudek & 
Bock Spring Mfg. Co., 4014-28 W 
Chicago 51, Ill 


Brochure, 4 pp 


Grand Ave., 


(R-15) Flexible Tubing 
Contains 


Brochure, 16 
hose, bellows 


Flexible 


pp. data on 


and dampeners. U. S. Tub- 


ing Co., Bartlett, Ill. 


(R-16) Heat Sheets—Brochure, 4 pp 
Contains information on flexible, light- 
weight glass cloth-graphite film-type 
heating element. Electrical Coatings, 
Inc., Beverly, Mass. 


(R-17) Heaters and Heating Devices 
Catalog EC1005H, 72 pp. Includes 
information on redesigned cartridge 
heaters, aluminized steel sheath strip 
heaters, and new ratings and configura- 
tions of finned tubular heaters. Also 
described are ceramic-to-metal and 
plastic resin hermetic seals. General 
Electric Co., Schenectady 5, N. Y. 
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radial Filmoseal* 
RMB FILMOSEAL radial bearings combine 
the advantages of a sealed bearing with the 
freedom of an open bearing. The capillary 
closure does not increase the friction of the 
bearing to any measurable degree 


sizes: bore from .0550; O.D. from .1875 


7 


radial Conrad 
Bearings of this type are manufactured to — 
true Conrad retainer design. They have deep 
groove ground raceways and are fitted with 
@ ball separator in both precision and stand 
ord tolerances 
sizes: bore from .0550; O.D. from .1875 


miniature bearings 


A 


/ 


ee 
-—_— 


radial ultralight 
All have a two-piece ball separator, except 
the two smallest which have a one-piece 
snap-type seporator 
sizes: bore from .0394; O.D. from .1181 


radial without inner race 
RMB radial bearings without inner race are 
designed for low torque and low speed ap- 
plications. Axial and radial loads are sup- 
ported by separate elements, a feature which 
often provides solutions to unusual design 
problems. 

sizes: bore from .0394; O.D. from .1575 


pivot 
RMB pivot bearings, the first miniature ball 
bearings ever produced in commercial quan- 
tities, are available in five different types and 
provide a wide selection to instrument 
designers. The C-1, with an O.D. of .0433, is 
the smallest ball bearing ever produced 


sizes: O.D. from .0433 


pivot with inner race 
These bearings are similar to pivot bearings 
except that they are fitted with an inner race. 
Available with removable or integral spring 
loaded inner race construction, their self- 
aligning feature is advantageous for mount- 
ing in devices of sheet metal construction. 
sizes: bore from .0394; O.D. from .1575 





LANDIS & GYR, INC. 
roller 
*All are fitted with a machined brass separa- 
tor. RMB roller bearings are often used to 
mount a shaft with a ball bearing at the 
other end, thus facilitating assembly, increat- 
ing capacity, and compensating for changes 
due to temperature and tolerance build-up. 
*sizes: bore from .1575; O.D. from .4724 


Ho Hurt n Dimensional, Can 








Hons How-0 3 Dimouimal, Con 


is Mado... 


HERE'S HOW YOU CAN GET THE GRAPHIC STORY OF CAMS 
THAT "COULDN'T BE BUILT’’—BUT WERE DELIVERED BY PARKER! 





Send today for the new, fact-filled Parker folder—discover 
how Parker can engineer and build three dimensional 
cams with an infinite number of precisely machined 
Stations to serve as the “brains” for a wide range of 
automatic operations. 





THE 


PAR KER-G 


HARTFORD CORPORATION 
CAM DIVISION 


FRANKLIN AVENUE e HARTFORD, CONNECTICUT 


Catalogs and Bulletins continued 


(R-18) Light and Heavy Duty Wheels 

Catalog, 24 pp. Contains informa- 
tion and data covering a wide range 
of wheels, tires and drive wheels. 
Allied Wheel Products, Inc., 27 Broad- 
way, Toledo 4, Ohio 


(R-19) Drawn up Roller Bearings 
Folder, 6 pp. Contains diagrams, data 
and charts on the design, installation, 
lubrication and load capacity of units 
Torrington Co., Torrington, Conn 


(R-20) Rotary Mechanical Seals 

Catalog 480, 16 pp. Contains data 
and cutaway views showing stuffing 
box installation. Durametallic Corp., 
2104 Factory St., Kalamazoo, Mich 


(R-21) Relief-Type Lubrication Fitting 

-Bulletin, BU-61, 4 pp. Describes 
unit which can be attached to bearing 
housings of motors, machines or pil- 
low blocks equipped with conventional 
relief plugs. Keystone Lubricating Co., 
3100 N. 21 St., Philadelphia 32, Pa 


(R-22) Lubrication Fittings—Catalog 
38-23, 32 pp. Contains diagrams and 


| data on fittings, bushings, elbow bodies, 





fitting extensions, plugs, tools, couplers 
and nozzles. Stewart-Warner Corp., 
1826 Diversey Pkwy., Chicago 14, Ill 


(R-23) Wirerope — Catalog, 188 pp. 
Tables, data and specifications on 
wirerope, assemblies and cables. Mac- 
whyte Co., Kenosha, Wis 


(R-24) Ball and Socket Bushings 
Brochure, 8 pp. Contains information 
on heavy duty, self-aligning units. Rol- 
ler Bearing Co. of America, Sullivan 
Way, W. Trenton, N. J. 


(R-25) Central Lubrication Systems 
Bulletin 4C, 24 pp. Contains data on 
automatic and semi-automatic systems 
for small machines. Bijur Lubricating 
Corp., Rochelle Park, N. J. 


(R-26) Welded Tubing—Brochure, 12 
pp. Contains charts and specifications 
on tubing including data pertaining 
to lengths, special shapes, types of 
finishes and types of steel. Revere 
Copper and Brass, Inc., 230 Park Ave., 
New York, N. Y. 


(R-27) Bronze Bearings, Bushings — 
Catalog 56, 109 pp, covers line of 
industrial bearings, bushings and bars. 
Johnson Bronze Co., New Castle, Pa. 
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PAPB miniature ball bea 
ready solution to! 
projects inv 


RADIAL RETAINER SERIES : ND SUPER-LIGHT RADIAL SERIES 
BEARING NO. BORE BEARING NO. BORE Oo”, 
2c 0469" |. ( ” 100 0250" 1 1000" 
V3c | 0550” |. j 2 0400” | .1250” 
SWac | 0781” | 2500" | . 0469" | .1562” 
$V sc 0937” |. ai © pe 0550" | .1875 
3332¢ 0937" |. ae ve 0781” | .2500” 
§41ec | .1250” |. J 0937" | .3125” 
§ Vs518c 1250” |. F ‘ i 0937" | .1875” 
§Wss532c | .1562” |. Pi. ’ 1250 2500” 
§ ¥ 5632C 1875” ‘ : a 1250” 3125” 
§Weisc | .1250” | 3750” | . ” 1562” | .3125" 
§W6632c | .1875" | 3750" |. P 1875” | .3125° 
$614C | .2500” | 3750’ 2187" | .3125” 


FLANGED RADIAL SERIES (Fut! Roce or Retainer Type) 1. sl We 


.1875" | .3750” 
2'aFC 0469" | 1562” 


.2500” .3750" 
WSC _}_-0550"_| .1873" DOUBLE SHIELDED FLANGED RADIAL RETAINER S 
Vv 4Fc .0781" .2500” 


ne 2\2FCHH 0469" | .1562” 
Vv sfc 0937" | .3125” 


3FCHH 0550" | .1875” 
3332Fc | .0937" | 1875” | 0625” cm | ore’ | 2500" 
4\eF _—-418FC | .1250" | .2500" oe eo 
Siar Wsierc | 1250” | 3125” | 1094” —— 7350" 1 3900" 
= 5532F W5532FC | .1562" | 3125" | 1094" ssanceme ET 
5632F Ws632Fc | .1875” | . “1094” sasnecn | isaa" | 315" 

iar Weierc | 1250" | 3750" | .1094” saaaraan 1 a7s" | 31a" 
6632F W6632FC | 1875” | 3750" | .1250" scan Tt iase | aS" 
G14F _—-614FC | 2500" | 3750" | .1250" <assecmn | las” | 3750" 
DOUBLE SHIELDED RADIAL RETAINER SERIES G14FCHH | 2500” | 3750” 


2¥2CHH | .0469” | .1562” | .0937" (Including Flanged 




































































































































































HIGH SPEED SERIES 


3CHH 0550" | .1875" | .1094” 3M 3FM 0550" 
4CHH 0781" |. 4 .1406" 4M 4FM 0781" 
SCHH 0937" |. 3 -1406" SM SFM 0937" 
418CHH -1250" | . .1094" & | S18FM .1250° 


SISCHH | .1250" |. “ | 1406" bw 618FM -1250° 
5532CHH .1562” |. s .1250” THRUST SERIES 
5632CHH .1875” ‘ P .1250" 

618CHH .1250” A os .1406" 
6632CHH | .1875”" |. Pe sT 1250" 

614CHH | .2500” | 3750" | .1250” ‘T 1875” 
PIVOT SERIES 77 1250” 


TPR | .020°F | .0590" | .0472” ANGULAR CONTACT SERIES 
if 3PR | .030°7 | .1181” | .0709" 2A 042” 


. 2 P 0469" 
VW 4Pr | 040°) | .1575" | 0945” | W3a | 062°) | 1875" | 0700" 
: #9 Waa 085°? | .2500" | 0937" 
Bi Wea 124°? | 3750" | .1406" 
aa | + 


Vspr | .o50’t | .1968” | .1181” 
VW 6A7B .150" .3750" | .1406” 






































27 0400” 
aT 0937" 





















































W7urpr | .075°t | 2953" | 1772” 
Viopr | 1007 | .3937" | 2362" 


Prefixes indicate material: Standard is chrome bearing steel (SAE 52100): use no prefix. All bearings, except No. 1)4PR, also available in 440 
stainless: use prefix SS in ordering. W indicates also available in 25 beryllium: use prefix NM in ordering. §Indicates sizes available with spring separator, 
specify suffix S in place of C as shown. indicates minimum shaft (S) di ion, (SE) d on request. Single Shielded Radial Retainer Series also 
available, specify CH, dimensions identical to Radial Retainer Series with exception of following which are wider: 2% CH (.0937), 3CH (.0937), and 4CH 
(.1094). Single Shielded Flanged Radial Retainer Series also available, all di i identical to Double Shielded Flanged Radial Retainer Series. Specify 
FCH and side to be shielded. Grooved Radial Retainer bearings ore also available in 9 sizes. Root diameter of groove is the same as O.D. of equivalent 
Radial bearing. Self-Aligning Series and extended inner bearings available. Details on request. 


es 


















































are available in ten design series and in more than 500 different types and 
sizes which normally can be supplied from stock for prompt installation. 


Instrument manufacturers and users of small precision mechanisms can 
now utilize all the well known extra advantages of anti-friction bearings 
(accurate alignment, long wear, freedom from attention) universally accepted 
in larger quality equipment. 


For more than 20 years MPB ball bearings have contributed to the suc- 
cessful operation of precision mechanisms. A pioneer in designs and 


dimensions now being internationally standardized, MPB has also originated 
many precision manufacturing techniques. All MPB ball bearings are ground, 
lapped, honed and/or burnished in accordance with highest quality practice 
for optimum operating characteristics. Inspection limit tolerances are equal 
to ABEC 5 or better. 

The most extensive engineering knowledge in miniature bearing applice- 
tions is available to you. More than a million MPB ball bearings have been 
installed in precision mechanisms. Catalog 55-56 giving complete specifica- 
tions, and additional data sheets mailed to you on request. 


MINIATURE PRECISION BEARINGS, INC. 


<g> 16 Precision Park, Keene, N. H eave 
space 


Incorporated 


‘Pioneer Precisionists to the World’s Foremost Instrument Manufacturers” 


weight 
friction 


Product Engineering — Mid-October, 1957 


Fo! 








“MONOBALL” 


Self-Aligning Bearings 





CHARACTERISTICS 


ANALYSIS 


| Stainless Steel 
Ball and Race 


RECOMMENDED USE 


{ For types operating under high temper- 
( ature (800-1200 degrees F 


Chrome Alloy 


{ For types operating under high radial 
Stee! Ball and Race 


U ultimate loads (3000-893,000 Ibs 


Bronze Race and {| For types operating under normal loads 
Chrome Moly Steel Ball | with minimum friction requirements. 
Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
ange with externally or internally threaded shanks 
‘rs welcome an opportunity of studying individual 
‘ments and prescribing a type or types which will serve 
your demanding conditions. Southwest can design special 
to fit individual specifications. As a result of thorough 
tudy of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. Address Dept, PE 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 





Balcrank “7.2... 


Best quality, fine grain cast iron 

Rim and handles polished to high luster 
Center hole and hub faces true with rim, 
all to close tolerances to eliminate wobble 


HAND WHEELS 


Handles ore revolving, solid or omitted. Available in stan 
dord sizes 4" to 12" dia. with plating, broaching or other 
machining to your specification 


none HANDLES 


volving ' HARDENED steel spindle with permonent 

\ bricotion permitting FASTER. EASIER adjustment 

else b : achined from quality BAR STEEL ground and POLISHED + 

© balanced cranks ~ ard Ses at a —— 
© compound rests 
e clamping levers 


evolving and solid types 


Pplying industry 





let BALCRANK “handle” your job Machine Tool Division 
You can free machines and manpower for 

saleable production — and cut costs, too. Choose BALCRANK INC. 
from many types and sizes for immediate J 4 Disney Street 


shipment. For catalog *6 and cost- 
Saving price list — write or wire a _ Ohio 
jo ae Me 





_— CONTROLS 


Compression & Tension Type 


Aircraft cable is strung with spherical steel 
shells in a rigid or flexible housing sealed 
with “O” rings. 3” standard bend radius. 
%” minimum bend radius. 


Three Types: 


1. Light Duty—Compression Ult. Load 1250 
Ibs.; Ult. tension 960 Ibs. 


2. Heavy Duty—Compression Ult. Load 1650 
Ibs.; Ult. tension 960 Ibs. 


3. Extra Heavy Duty— Compression Ult. Load 
3050 Ibs.; Ult. tension 3900 Ibs. 


Positive remote controls for actuating mechanical, hydraulic 





or other devices. Eliminate bell cranks, pulleys and dual 
cables. Patented U.S. A. All world rights reserved. Send 
for ENGINEERING MANUAL giving detailed prints and 





complete specifications covering materials, finishes, capa- 


cities. Please address Dept. PE-57 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


The gauge 
that has 
everything ! 


@ LEAK-PROOF ONE-PIECE CONSTRUCTION bourdon tube 
fused to socket and tip by exclusive “Conoweld” process. 
@ STURDY “MARSHALLOY” CASE... formed of boiler-plate- 
thickness steel, copper clad inside and outside to give it the 
corrosion resistance of solid copper. It’s one third lighter, 
but four times stronger than cast iron. 

@ PRECISION “MASTERGAUGE” MOVEMENT 
clusive features as the coined sector gear 
@ AVAILABLE WITH STAINLESS TUBE AND SOCKET choice 


of stainless steels and alloys for all corrosive conditions 


@ WITH “RECALIBRATOR" .. . quickest and best way to keepa 


gauge accurate. 


with such ex- 


These features are combined only in ‘‘Mastergauge”’, 
standord bearer for the broad line of Marsh Gauges 
each the best of its kind. Ask for data 
ivy . 
“THE STANDARD ~* 


MARSH INSTRUMENT CO., Soles Affilicte of Jos. P. Morsh Corp., Dept. 39, Skokie, II! 


Marsh Instrument and Volve Co. (Coneda) Ltd. 8407 103rd St., Edmonton, Alberto 
Houston Branch Plant: 1121 Rothwell St., Sect. 15, Houston, Texas 
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DO YOU 
KNOW ABOUT 
GASK-O-SEAL? 


The static seal that can not blow out! 





If you do not know about Gask-O-Seals look at these facts 
VLLLLLLL LLL ™ Gask-O-Seals will seal practically any processable fluid . . . 
wae “ws 
Gask-O-Seals can be re-used ... 
SPAS Km M Gask-O-Seals will seal at low or high pressures, vacuum or 
positive 


UWprr v7. TSN LD ™ Gask-O-Seals are available as standards and as specials in almost 


any configuration or to meet special requirements 





They are recommended for flanges, gear boxes, transfer cases 
The above diagram is “typical” only. Gask-O-Seals ore . ° 
he a any place where truly efficient static seals are needed. 
olso made with one-side seols 


Note A recent development of the Gask-O-Seal principle indicotes effective sealing in 


O the temperature ranges of 400° to 1000° f specific apg U 
(Q). *——the O-Seal family > 


Lock-O-Seol* FRANKLIN C. WOLFE CoO. 


poner ener o _y, Culver City, California 
tot-O-Seat ® C) “sealing design specialists” 
Riv-O-Seal © 


Bonj-0-Seo! ® p A DIVISION OF Parker APPLIANCE COMPANY 


Qs O-Sea! Hydraulic and fluid system components 
° ; ° 


° ° 





Mr. Auburn says: 


— 


yin rd b ve 
CC Gaske Trot lor? ) 


fi your man! 


Gaskets 


"O”’ Rings 
Bushings 
Packings 
Seals 


Insulation 
Components 


AUBURN 


For a quick and definitive 
solution to design and pro- 
duction problems, call on Au- 
burn’s 85 years of specialized 
experience in engineering ma- 
terials to specific sealing and 
packing applications. Send us 
your prints and specifications 
— you'll get our recom- 
mendations and quotations 
promptly! 


Our extremely wide range of 
materials includes: 


Leather ® Asbestos ® Teflon ® Silicone 
Rubber © Neoprene Rubber © Cork © 
Fiber © Compositions © Phenolics * Cloth 
® Paper * Cardboard ®* Plastics * Brass 
© Steel © Copper © Aluminum ® Kel-F 
© Fibreglas * Other Special Materials. 


AUBURN 


MANUFACTURING COMPANY 


306N Stack Street, Middletown, Conn. 

Representatives: Atlanta, Ga. « Detroit Mich. « St 
Louis, Mo. ¢ Los Angeles, Cal. e Minneapolis, Minn. « 
Washingt D.C. ¢ New York, N.Y. e Cincinnati, 0. « 
Rochester, N. Y. ¢ Pittsburgh, Pa. ¢ Fort Worth Tex 


Catalogs and Bulletins continued 


(R-28) Oil Seals 


Contains complete data on seals avail- 


Catalog 305, 60 pp 


able as well as recommendations on 
design adaptability in relation to pres 
sure, temperature, and shaft speed con 
ditions. Under shaft sizes, the various 
designs available are grouped, with a 
cross-section of each design on the 
same or adjoining page. One section 
deals with essential parts of oil seals, 
with all parts named according to the 
SAE standard radial seal nomencla- 
ture. Another section gives a concise 
description of the synthetic rubber 
elastomers used in sealing elements. A 
chart indicates their general service 
characteristics on typical fluids. Proper 
installation of seals is treated in still 
another section. Victor Mfg. & Gasket 
Co., P. O. Box 1333, Chicago 90, III 


(R-29) Steel Tubing and Fittings 
Bulletin V-157, 6 pp. Contains dia- 
grams and data on units for vacuum 
systems and conveying lines. H-P 
Products, Inc., Louisville, Ohio. 


(R-30) Flat Annular Diaphragms — 
Brochure, 4 pp. Contains data and 
formulas on characteristics of dia- 
phragms. Statham Laboratories, Inc., 
12401 W. Olympic Blvd., Los Angeles 


(R-31) Ball Bearing Components for 
Screw Conveyors—Folder 2489, 6 
pp. Contains diagrams and data on 
conveyor screws, trough ends and 
hangers. Link-Belt Co., Prudential 
Plaza, Chicago 1, Il. 


(R-32) Finned Tubing—Booklet, 16 
pp. Gives description, pictures and 
data. Wolverine Tube, Guardian Bldg., 
Detroit 26, Mich. 


(R-33) Truck Casters and Wheels 
Catalog K40, 68 pp. Contains in- 
formation and pictures of casters, 
wheels and accessories. Bond Foundry 
& Machine Co., Manheim, Pa. 


(R-34) Conveyor Pulleys—Catalog 
CP-80, 12 pp. Contains specifications 
and prices. R. & J. Dick Co., Inc., 
1 Sade St., Passaic, N. J. 


(R-35) Leveling Jacks—Bulletin, 4 pp 
Contains specifications on units for 
production machines, tool room 
equipment, large surface plates and 
assembly fixtures. Enterprise Machine 
Parts Corp., 2731 Jerome at Mc- 
Nichols Road, Detroit 12, Mich. 
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Prec ysyon 


2216 


Ounting 


MINIATURE 
LATITUDE 


MINIATURE 
LONGITUDE 


eyices 


BOWMA 


e Bowmar Instrument Corpora- 
tion’s Counter Division provides 
high capacity, precision manu- 
facturing facilities for all types 
of mechanical counters. . . par- 
ticularly those requiring high 
speed operation, non-decimal 
counting configurations and very 
small physical size. 


PRECISION SPEED REDUCERS, GEAR 
HEADS, MECHANICAL COUNTERS AND 
ELECTROMECHANICAL ASSEMBLIES 


COUNTER DIVISION 
INSTRUMENT 
Bowmar CORPORATION 


2829 Seddiemeyer Rd. «+ Ft. Wayne, Ind. 








MINIATURE INSTRUMENT BALL BEARINGS 


STANDARD RETAINER SGEARINGS 





FIG. 2& 4 ONLY 
OUTSIDE BEARING NUMBERS [ Foc. 2 FLANGE | CANO DIAMETERS | = gaits c 


DIAMETER] WIDTH [—Fig 7 FIG. 2 FIG. 3 FIG. 4 __—*|| RADIUS*| piA__| WIDTH| INNER | OUTER | NO. & SIZE RATING | 
FLANGED PLAIN FLANGED 


BEARING BEARING 














+ .000 PLAIN 
BEARING BEARING 











+ b- FLANGE WIDTH 


~ (tb 


| 
2 


OUTER TART ar 
INNER LAND je 


| - 
fo— FLANGE DIAMETER 
| 


— . 005 
aetna ~ wom 4 Ee ee eee ee 
FIG. 3 FIG. 4 ete eee eee 
| i4og | | srs | SFR2-5PP -_ 
nores se Os OW Ree 
“RADIUS, shown is maximum size of shaft or sear | arora 
housing fillet that bearing will clear | 1406 | SR2-6PP SFR2-6PP a 
TOLERANCES shown are ABEC 7 or better. The 52 WS. eee bem: 
tolerance on width is for individual rings only 


MATERIAL is Type 440 C stainless steel 
LOAD CALCULATIONS — Use C Rating and 


WIDTHS shown have been accepted as standard ee oe = 

by the AFBMA for SINGLE or DOUBLE shields IRA BIMEAIOD F 

+SFR133 has fillet (.005 max. radius) instead of El eee ee ee 00 

romans | _sriss- | srrisg | | ll 
HOW TO ORDER 

Use bearing numbers shown. **For 5 le shield Pg Ft Tl ee | rd 


(Figures 3 and 4) use the following suffixes in 
stead of PP 
Figure 3, suffix P 


Figure 4, suffix P1 — Shield on flanged side - 
suffix P2 — Shield on side opposit a Be eee Bee. . 
flange 1250 008 
In all cases, the following should Os, ey SR168PP SFR168PP 
Radial Play (see our ee Se ws eee oe 
2 Lubrication (see our cat ) 010 
The following should be specifi only if they SR188PP SFRI88PP 10 
are essential to the application — 
3. "Coding tone aur somber? hike Fhe Se 8 AS BREN Ie 
checked with the Plant before ordering SrRnePP 
SEND FOR FREE CATALOG et ee SR1810PP SFRI8LOPP = 
this 


Cet complete, authoritative technical 
manual and data book on Micro-Bearings 


Includes helpful design article: “actor SONIUV3E TIVE LNIWNUISNI JUNLVINIW 
nw NEW HAMPSHIRE BALL BEARINGS, INC. 
PETERBOROUGH, NEW HAMPSHIRE SONINVSASE-OUDIW 


>| INNER LAND fe 
OUTSIDE DIAMETER 
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Catalogs and Bulletins... continued 


in Mesh with | 
> (R-36) Casters-Brochure—4 pp. Con 
» Industry... tains data on 40 models of medium 


2 and light duty units, as well as solid 

for 76 y ears rubber, semi-pneumatic and full pneu 
matic wheels. Gleason Corp., Dept 

412, 250 N. 12 St., Milwaukee 3, 


1) an Wis 
= 
Fine-Mesh Wire fay i) (R-37) Precision Ball Bearings—C ata 
and Fabricated-Mesh log, 64 pp. Contains characteristics, 


data and charts on torque, perform- 


Products ance and selection. Barden Corp 


Danbury, Conn 


Specializing in the —e (R-38) Spherical Corners—Brochure, 
non-ferrous metals in counts to 


200 x 200 or 50 x 750 and DUCTILE sizes, radii range from ‘2 to 3” and 
METALS and thicknesses from 18 to 10 gage. Con 


79 ” 
widths up to 48” in.all COMMERCIAL ner Steel Products. 24690 Telegraph 
commercial weaves WEAVES Road, Detroit 19, Mich 


| p. Contains data and chart on 96 


(R-39) Plastic Knobs—Catalog 106 
15 pp. Contains diagrams and charts 
on bar, ball, pointer and lever knobs 
Kurz-Kasch Inc., Dayton 1, Ohio 





(R-40) Lubrication Fittings—Bulletin, 
8 pp. Contains diagrams and data on 
SOUTHP ° ° § 

¥ eer CONNECTICUT USA ball-in-head, flush and button fittings 
Universal Lubricating Systems, Inc 


Oakmont, Pa 


\Y It it yt © or (R-41) Spring Design and Selection 
Brochure, 8 pp. Contains stress and 
The Original Rivetless Chain for Trolley Conveyors deflection formulas, spring materials 


applications, and limitations of vari 


ous type springs. Associated Springs 


Corp., Bristol, Conn 


(R-42) Laminated Shims—C atalog, & 
pp. Contains data and charts on units 
of brass, mild steei, stainless steel and 


aluminum. Laminated Shim Co., Inc 


IMPROVED : Glenbrook, Conn 
X-458 DESIGN (R-43) iametenting Equipment—C ata- 


log 10, 32 pp. Contains diagrams, 


Has Greater Strength — Same Weight Se ee a ae 


pensers, valves, chain oilers, oiling 


systems and gages. Oil-Rite Corp., 
For years a standard for continuous overhead conveyors, the od 2318 Waldo Blvd., Manitowoc, Wis 
a X-458 rivetless chain provides even greater flexi- 
ility tor vertical bends, and greater strength with in- . ‘at 5 
anes th ata. Whe co po serar by adding Pipes = (R-44) Plate Coils—Bulletin 256, 4 
center of side link and revising the radii of certain bear- pp. Contains data and charts on heat 
ing surfaces. X-458 chain is drop-forged, heat-treated, 
with ave. ult. strength of 50,000 Ibs., and weight of i 3 
3.125 Ibs. per ft. Wilmot lists the largest choice of | 616 Franklin Ave., Brooklyn 38, 
rivetless chain sizes. Any one will interchange with N. Y 
the same number of any other chain. 


Send for 248 - ng. Wilmot Chain Cat. (R-45) Casters and Wheels—C atalog 


C56, 16 pp. Contains data and charts 


exchange units. Dean Products, Inc 


on heavy duty, pneumatic, and semi 


_ Ss savin: re . ‘o "a 
WILMOT ENGINEERING CO: Hazleton, Pa. ee 


Saginaw, Mich 
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ALEMITE 


AUTOMATIC LUBRICATION 


provides constant, foolproof tubricates any bearing on any machine 
uniferm lubrication with one of three types of fittings: 


to protect any moving surface! A Mist fittings for roller, ball, needle —or any 
anti-friction type of bearings. 
Alemite Oil-Mist lubrication can be easily designed into 
any new or installed machine. This simple, continuous, Spray fittings for open and enclosed gears 
completely automatic system eliminates human erro) one Cae. 
multiplies bearing life—reduces product spoilage— boosts 
Condensing fittings for plain bearings, slides, 


machine output! Operates on compressed air .. . starts 
ways, vees, coms, and rollers. 


and stops when machine switch is turned on and off. 
Airborne lubricant is conveyed through tubing to bear- 
ings. Mail coupon below for full details about Alemite 
Oil-Mist. Now in use on modern, high-speed machines 


8 Advantages of the Alemite Oil-Mist System — lubricates 


s anti-friction 


1. Continuous lubrication. Deposits bearings 


fresh, clean film of oil on all surfaces 
of all bearings. 


2. Fully automatic. Starts and stops 


with operation of machine switch. — lubricates 


Y plain 
3. No guesswork. Bearings can’t be ’ bearings 
overlooked, or over-lubricated! 


4. Reduction of bearing tempera- , 
tures. Acts as bearing coolant. Reduces iat Re, — lubricates 
bearing temperatures as much as 20°F. ad “ eects gear 





cases 
5. Fewer types of oil. Reduces num- 


ber of oils that must be stocked, han- 
died and applied. 


6. Elimination of downtime. All 
bearings are constantly lubricated 
while machines continue to operate. 
8. As high as 90% less oil con- Alemite Division of Stewart-Warner, Dept. AA-107 
7. Extension of bearing life. Life of sumption. Usually consymes about 1850 Diversey Parkway, Chicago 14, Illinois 
grinding machine bearings have been 1/10th amount used by any other oil- Sincse cond me @ Patt f ne 
extended from 400 to 7,000 hours! ing method. nie «ines de @ FREE y y - 


Please have your Alemite Lut 


Mail coupon for Oil-Mist demonstration and information a no-obligat 


ALEMITE i 





U.S. Pal. OFF 


Division of STEWART-WARNER CORPORATION 
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I E you can improve your product's 
“reading matter’’ with anodized 
aluminum foil Thinplates*® by Park 


Nameplates, dial faces and instruction plates are your product's 
vital ‘reading matter’ that has to be permanently legible, properly 
located and permanently mounted, to serve its purpose. 

To meet these three requirements, Park Nameplate Company 
offers Thinplates, its anodized aluminum foil nameplates. Thin- 
plates’ anodized surfaces are part of the aluminum itself, never 
peel, chip or wear. Mounting Thinplates to any material or finish is 
economical, fast and permanent with the adhesive coating on the 
back of every Thinplate that eliminates rivets and screws, Only 
.003” or .005” in thickness, Thinplates are flexible, fit perfectly any 


shape, curve or corner. 


Here is a chart showing just a few of the many ways you can 
solve nameplate problems with Thinplates. 


SCHEMATICS 


Even the most intricate lines on a cir- 
cuit diagram reproduce perfectly with 
Park's anodizing process. This clarity is 
permanent, and a Thinplate wiring dia- 
gram can be mounted without rivets 
just where it is needed, regardless of 


surface material or finish 


DIAL FACE 


AT 


read 


and 


IMSt 


hinplate dial face is always easy to 
Hairline calibrations stay crisp 


precise. Thinplate adhesive bonds 


re permanent, perfect alignment of 
the « 


lial face with its indicator 


eee e eee eeweeeeeeweewe eee eee eee eee eee eee eee eee ee 


PICT @ vo T 


INSTRUCTIONS FULLY AUTOMATIC WASHER 


CONTROL TITLE 

No drilling, riveting, or other mount- 
ing problem here. A Thinplate control 
title afixes easily and permanently right 
at the switch or knob. Constant abra 
sion by operator’s hand won't dim the 
Thinplate legend, it stays clear for good 


INSTRUCTION PLATE 

Even the most oddly shaped housing 
can carry a snug-fitting Thinplate. Spe- 
cially designed adhesives and Thin- 
plate’s own flexibility permit mounting 


location 


easily and economically at any 


eoeeeeeeeeeeeeeeeeeeeaeeeeeee 


NOMENCLATURE PLATE 


Rigid government and military specifi- 





cations for nameplates and other 
legend-bearing plates are met by Thin- 
plate. Under the roughest abuse, 
humidity, salt spray, chemicals, tem- 
peratures, Thinplates stay easy to read 
and stay put 


eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeees 


NAMEPLATE 


Nameplates must carry strong product 


en 


lentification. Brilliant Thinplate colors 


ind permanent bright or matte finishes 


keep your name out front for the life- 


time of your product 


These are some of the uses of Thinplate on products ranging 
from aircraft to skillets. There’s a place on your product for a Park 
Thinplate. Write today for samples of Thinplate that will stimulate 
new design improvement and production economy ideas. Park's 
engineering staff is available at all times for consultation on your 
special nameplate problems. 


PARK nameplate company inc. 
34-10 Linden Place, Flushing 54, N. Y. *« FLushing 9-7000 
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(R-46) One-Piece Window Units 
Bulletin 4D, 4 pp. Contains data on 
circular units that may be used to 
observe internal operations, indicate 
flow, or show internal liquid level in 
machines. Bijur Lubricating Corp., 
Rochelle Park, N. J. 


(R-47) Wire Rope—Catalog A-3, 73 
pp, gives specifications and tables on 
specifying, use and care of wire rope 
Macwhyte Co., Kenosha, Wis 


(R-48) Packings—Booklet, 46 pp. De- 
scription, diagrams and charts on 
packings for hydraulic and _ pneu- 
matic application. Trostel Packings, 
Ltd., Lake Geneva, Wis 


(R-49) Cam Followers—Bulletin 103, 
6 pp, contains diagrams and illustra- 
tions and gives load and life ratings. 
Smith Bearing Co., 17 Bear Tavern 
Rd., W. Trenton, N. J. 


Materials—C hart 
mechanical and 
work characteristics of a wide range 


(R-50) Bearing 
shows chemical, 


of sintered bearing materials. Bound 
Brook Oil-less Bearing Co., Bound 
Brook, N. J. 


(R-51) Gage Protector—Bulletin 541 
G, 2 pp, describes device designed to 
protect sensitive pressure instruments 
Industrial Engineering Corp., 525 E 
Woodbine, Louisville, Ky. 


(R-52) Rotary Blowers—Brochure, 5 
pp. Contains data and charts. Miehle- 
Dexter Supercharger, 100 4 St., Ra- 
cine, Wis 


(R-53) Precision Bearings—Catalog 
52A, 128 pp. Contains information 
and tables on bearing as well as 
formulas for many purposes. McGill 
Mfg. Co. Inc., Valparaiso, Ind 


(R-54) Bellows—Catalog 155, 20 pp 
Contains information on applications, 
design considerations, and standards 
for metallic bellows. Flexonics Corp.., 
1351 S. Third Ave., Maywood, III 


(R-55) Tubular Products, Fittings and 
Flanges—Brochure TDC186, 3 pp. A 
guide to specifications and applica- 
tions of steel. Babcock & Wilcox Co.., 
Beaver Falls, Pa 


(R-56) Lubricating Equipment—Cata- 
log 10, 32 pp. Oil-Rite Corp., 2318 
Waldo Blvd., Manitowoc, Wis. 
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/-Mneludive Ging Cowie 


The capacity of ASC springmaking minds and 
machines is unlimited. Put this valuable ex 
perience to work on your springs, wire forms, 
small stampings, in a wide variety of metals 4 
ASC Divisions are located to serve major in 7 
dustrial areas in the United States and Canada 
(see list below). Contact the nearest Division 
or sales office for design help, quotations or 


COMPRESSION SPRINGS COMPRESSION SPRINGS experimental work. Write for free technical VOLUTE SPRINGS 


Special Shapes Regular, Double information on any specific problem Coned end 
Variable pitch as 


=> hh 


EXTENSION SPRINGS EXTENSION SPRINGS TORSION SPRINGS POWER SPRINGS 
Special Hooks Swivel End Single, double Clock or Motor 
and Loops Drawbar Edge wound 


aoe 
») KS 


} 
\ 


= 


FLAT SPRINGS CLIPS, CLAMPS FASTENERS and HAIRSPRINGS 


Arched, Curved-beam and COLLARS RETAINERS for instruments 
Elliptical Gauges, etc 


- c 
yO |' 


SPRING WASHERS BELLEVILLE SPRINGS DIAPHRAGMS PLUS 
Wavy, Star, Finger, in Series, Parallel Discs, Plates 


COLD-ROLLED 
Expander, etc Parallel-series STRIP STEEL RESEARCH 


ASSOCIATED SPRING CORPORATION 


General Offices: Bristol, Connecticut 


a 


Precision Mechanical Springs, Wire Forms, Small Stampings, Cold-Rolled Specialty Steels 


CONVENIENT MANUFACTURING DIVISIONS AND SALES OFFICES Coast to Coast 
WALLACE BARNES CO THE WILLIAM D. GIBSON CO RAYMOND MANUFACTURING CO OHIO DIVISION BARNES -GIBSON-RAYMOND DIVISION 
Bristol, Connecticut and urn Ave., ( 1 1 Ist St.. D ; f M 


a 1800 Clyb« 
yracuse 9 (Solvay), N.Y 


SEABOARD PACIFIC D'VISION MILWAUKEE DIVISION DUNBAR BROTHERS CO F. N. MANROSS AND SONS CO ”- 
15001 So. Broadway, Gardena, Ca MIE rie St., Milwaukee, Wis Bristol, Connecticut Brist ect 

SAN FRANCISCO SALES OFFICE CLEVELAND SALES OFFICE LOUISVILLE SALES OFFICE 
19031 Saratoga Gien Place, Saratoga, Calif 22700 Shore Center Ave., Cleveland, OF 512 West Ormsby St v 


WALLACE BARNES STEEL DIVISION — Producer of Cold-Rolled Specialty Steel 


ago 14, Ill Corry, Pennsylvania 8 Day 4 f 


Canadian Subsidiary, THE WALLACE BARNES CO., LTD. Hamilton, Ontario and Montrea 
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FOR 
LONG 
LIFE 


GRAPHAI y, a solid lubricant, Contains No On 


GRAPHALLOY Bushings eliminate shutdowns for bear- 

Many appli 
ati still in service after 10 to 20 years at high 

(Operating rang 750°F to minus 400°F 

dicates that, for over GRAPHALLOY Bushings are more economica 


FOR DRY APPLICATIONS — Where oil cannot be used! 


1) IN _ HiGH TEMPERATURES t 71S0°F Graphalloy 


in brication, service, or replacement 


temperatures Value analysis in 


bearings give long 


service without attenti elimir 1 shutdowns with their 


attendant loss of 


n and s f replacir are used where l or grease would 


r where fumes w ate the product 


) TEMPERATUR 


w-speed machinery (particularly 

where i f grea v J squeeze out. In medium dut 
ire eliminated. In special usage 

nd their abrasive action); does not 

ment applications Graphalloy 

1 bearings Bec 


phalloy excels as a clutch-facing 


ause friction remains 


Low TEMPERATURES, Graphalloy ushings have no lubricant that will 


solidify. In xXygen pumps 


to form an explosive mixt 
to minus 400°F) 


Graphalloy exceeds MIL specificatior 


SUBMERGED APPLICATIONS -- 


Cleaning, pickling, plating, scrubbing, galvanizing, dyeing 


Pump bushings and seal rings, step or foot mveyor, or roll bearings 
d products and pharmaceutic 


swelling in 


merged in water, gasoline acids, dyes, or fox 


(Graphalloy is inherently stable no submersion. ) 


SPECIAL HIGH SPEED APPLICATIONS 
Up to 100,000 RPM 


ou is used such as air, water asoline 


where some extremely low viscosity lubricant other 


or steam 


* GRAPHALLOY 
Trade Mark for 


ns 





GRAPHALLOY’ BUSHINGS 


THEY'RE 
SELF-LUBRICATING 


WORK WHERE OTHERS WON'T — Typico! Graphalloy Applications. 


At Hich Temperatures: Ovens and Kilns *« Dryers * Stokers * Conveyors 
¢ Turbine Safety Bushings « Pulleys and Sprockets 

AT MEDIUM TEMPERATURES: Bushings for Instruments, and for Textile, Printing, 
Food and Dairy Machinery * Pump Bushings and Vanes °¢ Inaccessible 
Bushings as in blowers and fans * Foot and Guide Bearings, Thrust Washers, 
Cam Rollers, Piston Rings, Seal Rings, Rotary Joints, Friction Discs, Process 
Equipment 








At Low TEMPERATURES: Oxygen Pumps * Potentiometers * Timers * Outdoor 
Signal Equipment * Airborne Servomechanisms ¢ Missiles 


ENGINEERED WITH PRECISION TO YOUR DESIGN 


e PILLOW HANGER 
BLOCKS BEARINGS 
eif-aligning or 


. d, split or solid 
bushing and block Send for 


¥) j 
J 
© ] 
8} 
literature 


METAL- 
2 


BACKED 
For slip fit in 


| 


For ovens, oven con- 


veyors, dryers, kilns. 


@ SPECIAL 
TYPES 
Metal-backed bush- 


ings for spider- 
type construction 


' 
' 
' 
BUSHINGS |! 
' 
' 


tallations. ‘ 


Kemmerer eww eee eee eee am, 
eee ee eee ee) 


Send for Bushing Inquiry Form 107A and descriptive literature. Our 
broad appiication experience is available to solve your problems. 


GRAPHITE METALLIZING CORPORATION 
1022 Nepperhan Avenue, YONKERS, NEW YORK 





SJ 





ARESS 


For Remote operation of 
Dampers, Vents and Valves 


Easy to install, low cost sector gear and pinion device 


with wire flexible control. Converts rotary motion to 


linear push-pull travel. Occupies only 154” x 


l panel area. Requires only one nut for mounting. 


rNS 


ARENS CONTROLS, INC. « 2013 GREENLEAF STREET ¢ EVANSTON, ILL. 


F70 


PRESSED STEEL WHEELS” 


SEMI-PNEUMATIC AND SOLID RUBBER TIRES 


Standard 16”. 


neered to your requiremenis. Send your specifi- 


sizes 6” to Custom sizes engi- 


cations complete wheel manufacturing 


facilities. 

*AVAILABLE WITH 

Roller, ball, oilite or bronze bearings 

Thru hub bearings 
Positive lock hubs 
Drive hubs 
Welded or riveted construction 
Bolted wheel construction for easy tire replacement 


“> 


Write for new Goddeyne cataiog —_ 


A 


4 


¢ 

ot 
>, SBA 
‘ 


“oO 
GODDEYNE WHEEL PRODUCTS 


1352 N. Mctellan St. * Bay City, Michigan 


Division of 


Goddeyne 
Mfg. Co, 
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Stewart-Warner Panel 602-H. A stock pane! now used by leading truck manufac- 
turers. Highly flexible—can be fully electric or combination of electric and mechanical 


can help you plan 


Speedometer 


IS 


Flexible 
Shaft 


Se ad 


Drive Joint 
j Connect to 
Sending f transmission 


: > 
Unit mi\—J i } << 
ja 


2 
0 
0) 


Ty 
AH. A Dp rte tt 


from designs Typical Hook-up for Panel 602-H. Above pone! includes mechanical speedometer, 
eee 


electric gauges, complete with sending units 


to finished panels 


At every step of design—from styl- many standard panels 01 
ing of panel to choosing drive equip- entire panel can be custom-made 


custom-made ment—Stewart-Warner offers you your specifications 
e@eo 


the widest selection . . . plus engi- Stewart-Warner —instrument spe- 
neering teamwork unmatched by cialists for over half a century — can 


or stock models any other manufacturer! supply all your instrument needs 


Stewart-Warner furnishes the and drive equipment from one de- 
most complete line of individual in- pendable manufacturing s¢ 


for cars, struments—speedometers, tachome- Save money by consulting Stewart- 


ters, tachourmeters—and gauges of Warner now while your designs 


trucks buses alltypes. Our engineers will help are still in the early planning stage 
7 , 


you combine these in one of our’ and are subject to modification 


and engines! For further information, write: 


om STEWART-WARNER 


Dept. W-107, Original Equipment Sales 
1826 Diversey Parkway « Chicago 14, Illinots 
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rotating shaft 


¥ 


Var ed 
S Ul K 


by Cartrisea 


FOR ALL TYPES 
OF PRODUCTS 


Solving rotating shaftsealing problems is Cartriseal’s 
specialty. High rpm, temperature extremes, corrosion 
and other seal challenges are avercome effectively and 
quickly by Cartriseal engineers. Simply furnish 
complete data—operating specifications, dimensional 
specifications and print or sketch—to get 


prompt recommendations. No obligation r> 


Floating Labyrinth 
Seal 


mae" 


a SE 
Metal Bellows Seal 


Send for complete details Grommet Seal Cartridge Seal 


if 


| 
3515 W. TOUHY AVENUE \Y) LINCOLNWOOD 45, ILLINOIS 
REPRESENTATIVES: NEW YORK + ROCHESTER + TOLEDO - CHICAGO + SOUTH BEND + LOS ANGELES + SAN FRANCISCO + SEATTLE 
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Catalogs and Bulletins continued 


(R-57) Spray Lubrication Equipment 

Bulletin 60A, 8 pp. Contains pic 
tures and data on equipment for 
heavy open gearing and slide surfaces 
Farval Corp., 3249 E. 18 St., Cleve 
land 4, Ohio 


(R-58) Plate Form and Miultiplane 
Mountings—Bulletin, 16 pp. Contains 
data, tables and design details. Lord 
Mtg. Co., 1635 W. 12th St., Erie, Pa 


(R-59) Precision Balls—Brochure 
pp. Contains information on _ balls 
made from many materials. Universal 
Ball Co., Willow Grove, P 


(R-69) Straight Line Thrust Mech- 
anisms—Bulletin GEA 1614D, 8 pp 
Contains data on productivity, bene 
fits and describes applications. Gen 
eral Electric Co., Schenectady 5, N.Y 


(R-61) Distribution Systems for Auto- 
matic Lubricators—Bulletin 4A, 12 
pp. Contains data and diagrams on 
reservoirs, tubing, fittings, junctions 
and meter-units. Bijur Lubricating 
Corp., 151 W. Passaic St., Rochelle 
Park, N. J 


(R-62) Precision Radial Roller Bear- 
ings—Catalog PR 456 DC, 58 pp 
Contains diagrams and data on selec 
tion, load ratings and applications 
Rollway Bearing Co., Inc., 541 Sey 
mour, St., Syracuse, N. ¥ 


(R-63) Bronze Bearings—Stock List 
S-56, 21 pp, gives dimensions of bear 
ings ranging in size from ¥% to 4 in 
ID. Amplex Div., Chrysler Corp., 
Detroit 31, Mich 


(R-64) Automatic Lubrication—Bul 
letin 806-R, 8 pp, describes central 
ized systems, equipment, accessories, 
designs. Lincoln Engineering Co., St 
Louis 20, Mo 


(R-65) Industrial Wheels Catalog 
HW-56, 4 pp, describes design and 
construction features of different 
wheel combinations. American Pulley 
Co., 4200 Wissahickon Ave., Philadel 
phia 29, Pa 


(R-66) Cold-Wound Steel Springs — 
Bulletin, 16 pp. Contains formulas and 
specifications for helical extension 
springs and volute and Belleville disc 
springs. Alco Products, Inc., P. O 
Box 1065, Schenectady, N. ¥ 
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ACCO 


for Better 
Values 


AGREE... 


5000 pesicn ENGINEERS 


This FREE 28-page 


Catalog May Be Your Most 
Valuable Reference Work 


Complete design data—including detailed photographs, 
engineering drawings, dimensions—provide fast answers 


THREADED 
HEX SLEEVE 


to all your questions about wire rope assemblies 









































ae 6 Coble pany im 





e Over 5000 design engineers have found 
that tru-toc Catalog TL-500 contains the answer 
to many a tough design or operating problem 
For this new 28-page book, free on request, 
contains detailed design information on TRU- 
Loc Wire Rope Assemblies with streamlined 
swaged fittings. 

TRU-LOC Precision Wire Rope Assemblies 
have been used successfully on products rang- 
ing from outboard motors to military tanks. 
They are a combination of swaged TRU-LOC 
fittings and Preformed Wire Rope, made com- 
plete at our factory to your specifications 


AMERICAN CHAIN & CABLE COMPANY 
Wilkes-Barre, Pennsylvania 





Often they can be used to replace expensive 
linkages or hydraulic systems. They cut pro 
duction costs, simplify assembly, save space 
and improve the appearance of products 
Dimensions, engineering drawings, materia! 
specifications, wire rope breaking strengths 
data on coatings and finishes—these and all 
the other detailed design information you 
need are included in this free new 28-page 
booklet. The material is organized and clearly 
presented to save the time of the busy design 
engineer. Send for your copy today. You'll be 


glad you did 


American Chain & Cable Company 
Wilkes-Barre, Pennsylvania 

Please forward my free copy of your New 
Catalog TL-500 on TRU-LOC 


23-page 
Wire Rope Assemblies 





Nome 


Wilkes-Barre, Pa., Atlanta, Chicago, Denver, Houston, Los Angeles, New York, Odessa, Tex 
Philadelphia, Pittsburgh, Portland, Ore., San Francisco, Bridgeport, Conn 
In Canada: Dominion Chain Co., Ltd., Niagara Falls, Ont. 


Address 





City 








BEARIUM METAL 


Words cannot describe the advantages and the superiori 
ty which BEARIUM METAL offers over all other types of 
bearing materials. Only when you use it under the most 
difficult operating conditions can you appreciate its amaz- 
Ing superiority 
So, if you have a bearing application which involves 
poor lubrication, excessive loads, elevated 


temperatures, dusty ¢ Z ings re 


high speeds, 


a liquid other than oil must be used as a lubricant 
BEARIUM METAL will prove to be your best investment 


THE SECRET OF BEARIUM 
METAL'S superiority is due 
to the uniform distribution 
of microscopic lead particles 
within the copper-tin grains 
rather than between the 
grain boundaries—as illus- 
trated by these two photo- 
micrographs 


Bearium Metal Ordinary Leaded Bronze 
BEARIUM FEATURES: Non-Seizing and Non-Scor- 
ing * long-Wearing * Self-Lubricat- 


ing * Low Coefficient of Friction * High 
Compressive Strength ¢ Resistant to 
Shock Loads * Sound, uniform structure 
* Free-Cutting 


AVAILABLE IN: cored and solid bars * 
centerless-ground rods * machined parts 
* pattern castings 


Tell us your requirements and we'll 
gladly furnish complete information 


BEARIUM METALS CORPORATION 


Mill at Commercial St., Rochester 14, N. Y. 


WEST COAST AFFILIATE IN CANADA: 
NEVIN ENGINEERING ASSOCIATES BEARIUM METALS OF CANADA, Ltd 
208 Toyopa Drive, Box 536 155 George St 
Pacific Palisades, Calif Toronto 2, Canada 
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can Sapphire solve your 
wear or bearing problems ? 


If you need a surface that is abso 
lutely free from “grain.” If you 
need extreme hardness, high dielec 
tric strength, resistance to heat and 
corrosion, then Sapphire could be 
the answer. 


Sapphire can be cut, ground, pol- 
ished, flame-formed and bonded to 
other materials. 


But even after more than 50 years 
of specializing in only the tough, 
industrial jewel jobs, we can’t tell 
you that Sapphire is the answer to 


“ORIFICES 


Sy 
es 
ELECTRICAL + For basic information, send for 

* Sapphire Bulletin +3 
Then ask us to get specific on 
YOUR problem. 


your problems unless we see your 
blueprints and specifications. 


Products 


VEE, 


CUP ; 
P.S. We can also advise on and 
and RING furnish guide and wear 


BEARINGS : parts made from tungsten 
: carbide. 
cecee l/, 


as m. oatti- 


ome 
Main Office and Factories — 529 Tindall Ave., Trenton, N. J 
Manufacturing Subsidiary — Guayama, Puerto Rico 


“Precision Sapphire Products 
Miniature Sub-Assemblies"’ 











PLASTIC MOLDED KNOBS 


FOR INSTRUMENTS, CONTROL PANELS, ETC. 


— 


From Stock Molds @ No Tool Charge e 


Fast Delivery 


Huge selection of shapes, sizes and colors available from Rogan’s 
stock molds. Military knobs included. No tool charge, fast 
delivery. Markings can be branded to your specifications. Save 
time, save money, use Rogan’s stock molded plastic knobs 
Send for free catalog 


Complete Custom Molding Service 


ROGAN BROTHERS 


8025 N. Monticello Ave., Skokie, Illinois 
RI TOBE I 
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I-S SPRINGS of beryllium copper can help you 


IMPROVE YOUR PRODUCT'S QUALITY, REDUCE YOUR COST, INCREASE YOUR PRODUCTION 


realize the fullest performance potentia 


Instrument Specialties Company specializes in the 
I d wl ( n 


design and custom manufacture of age-hardened superior spring materials arou 
alloy springs. With our specially developed pro- 


e able to veloped. 


ice to designers and manufacturers has been 


cesses and machines, our engineers a1 





STRIP SPRINGS 


COIL SPRINGS 


PRODUCTION 


QUA 








HIGH FREQUENCY SPECIALTIES 


We are equipped 
use th | ; ( 


FOR 


LOW SHORT-RUN SERVICE 


ACTIVITY 





A COMPLETE ENGINEERING AND 7 


SAMPLE SERVICE 


INSTRUMENT SPECIALTIES CO., INC.| Sescscncc 


cop 
Little Falls, New Jersey Ample stock. flex 
time speed pl 


234-K Bergen Boulevard 





Telephone: Little Falls 4-0280 
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How To 


This new ENGINEER'S 
MANUAL takes you 
ona step-by-step 
course of designing 
wire cloth strainers to 
meet your own special 
requirements. 


Design 


Your 
WIRE CLOTH 
STRAINER 


Discussion includes 
the selection of metal, 
and why monel and 
other nickel alloys are 
widely used. 


Write today for your 
free copy. 


MICHIGAN 
WIRE CLOTH CO. 


2131 Howard Street 
Detroit 16, Michigan 


MICHIGAN 
Draws the Wire 
Weoaves the Cloth 
Fabricates the Part 
in one continuous production line 


UPON REQUEST— 


Pat elt: a seme ane 
COMPLETE 
NEW CATALOG 


ENGINEERING DATA 
And REFERENCE LIST On 


WHEELS 


ear TIRES—HUBS 
. | BEARINGS 


Every design engineer and 
procurement official needs 
this comprehensive data 
book for easy reference and 
guidance. A “‘must”’ for all 
producers of items that roll 
on juvenile, light or heavy 
duty industrial wheels. 


GET YOUR COPY NOW 


To obtain your FREE copy, 

just write us on your letterhead. 

“om Supplementary data sheets will 

a be sent you as they are released. 


ALLIE ALLIED WHEEL 


PRODUCTS, Inc. 
Dept. ED * 27 BROADWAY « TOLEDO 4, OHIO 
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ALLIED WHEEL REFERENCE LIST 
ant 


FREE... 64 PAGE 


WORLD'S LARGEST 
LINE OF WORK HOLD 
ING EQUIPMENT — 
CHUCK JAW BLANKS, 
CAST ALUMINUM 
AND MALLEABLE 
KNOBS, WHEELS, 
HANDLES — PLUS 
HUNDREDS OF OTHER 
JIG AND FIXTURE 
COMPONENTS 


JERGENS TOOL 
742 Base AGSed St. : 
OMPLETE DETAILED SPECIFICATIONS 
ENGINEERING DRAWINGS e COST SAVING DATA 


write for your copy -TODAY! 


JERGENS TOOL SPECIALTY CO. 


Dept. PE-10, 712 E. 163rd St., Cleveland 10, Ohio 











Dont Take The Chance 


of Missing an Issue. 


You can now have your own subscrip- 
tion to the magazine of Design, Research 
and Development. 


Fill in and mail the coupon below to 
have Product Engineering delivered direct 
to you every week. 


Subscription Department 
PRODUCT ENGINEERING 
McGraw-Hill Building 
New York 36, N. Y 


Please start my subscription to Production Engineering at 
once. 


U. S. Prices 11 year $5 2 years $8 


Name Title 
Company 

Address 

State 


City Zone 
D 1057 
] Bill company 


Check enclosed CD Bill me 
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ORIFICE 


DOUBLE CUP 


RING JEWEL 
OLIVE 


RING JEWEL 
WITH CUP 


RING JEWEL 
STRAIGHT) 


BOMBE 
RING JEWEL 


ENDSTONE 











RY-1 








——_—— = 














alle ‘ ees 


If SO... Bird precision jewels and jewel assemblies 
Can improve your product design by... 


Lowering bearing friction @ Eliminating corrosion @ Increasing accuracy @ Increa 


shock @ Decreasing wear @ Eliminating distortion e Lowering costs @ Providing electrica 


Bird sapphire and borrosilicate glass precision Because of 
jewel bearings are made in a wide range of stan through the m« 
dard types, sizes, and complete assemblies Bird jewels ar 
r custom-built to your specifications. Speci al facturers ol 
mounting techniques provide exact tolerance instruments 
jewel assemblies, mounted or set in bushings or 
screws, ready for assembling into your product I ypical pre ducts 
without further inspection 
Aircraft Instruments 
Jewels mounted with resilient silicone rubber or tian 
spring cushions provide additional protection 
from shock and vibration. Cushioned jewels Weather Re 
reduce the amount of jewel bearing damage Voltmeter 
o ese yt reve yecihle ve ‘ 
during assembly, prevent possible damage to a 


pivot or bearing when the pivot bottoms, and 


permit mounting of any style bearing 


Our engineering staff is at your service for all small 


on your letterhead for Bulletin 100-6 will receive our 


1 Spruce Street, Waltham 54, Mass 


SAPPHIRE & GLASS JEWELS + PRECISION GLASS GRINDING 
JEWEL MOUNTING & ASSEMBLY 
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SPRING DESIGN 
LITERATURE 


Available on Request 


The Hunter Spring Company will 
send, free, any of the 
listed below. 
requesting material, please 


valuable 


reference literature 


When 


lentify by number and title. 


HELICAL SPRINGS: 





Tension, Compression, Torsion 


MD-454 .. . ANALYTICAL APPROACH TO COM. 

PRESSION SPRING DESIGN (A method for 
finding best design when gradient is not 
fixed 

301C . . . SPRING BUYER'S GUIDE (a book 
let designed to help Spring buyers get 
the best spring at the best final cost 


MD-1151 . . . WORKING STRESSES FOR 
HELICAL SPRINGS 


MD-953 . . . DESIGNING SPRINGS (How fo 
achieve simplification and reduce costs in 
designing tension, compression, torsion 
springs 

PE-655 . . . TORSION SPRING DESIGN (New! 
A design procedure for torsion springs) 


CONSTANT-FORCE SPRINGS: 





NEG'ATOR Springs and FLEX’ATOR Springs 


ME-552 . . . THE THEORY AND DESIGN OF 
LONG-DEFLECTION CONSTANT-FORCE SPRING 
ELEMENTS (A thorough study of the NEG’ATOR 
Spring including design formulae) 
DN-450 . . . NEW SPRING MOTOR (A de 
scription of two constant-torque spring 
motors based upon the NEG'ATOR Spring) 


310E . . . THE NEG'ATOR CONSTANT-FORCE 


—_--—— 


EXTENSION SPRING, PRELIMINARY DESIGN 
DATA 

310Mb . . . THE NEG'ATOR CONSTANT-TORQUE 
MOTOR, PRELIMINARY DESIGN DATA 


310P . . . THE NEG'ATOR CONSTANT.TENSION 

BRUSH SPRING, PRELIMINARY DESIGN DATA 

310Sk . . . NEG'ATOR SPRING APPLICATIONS 
a series of application sheets showing 
how NEGATOR springs, motors, clamps 
and clips have been used in many new 
product designs 

313A-1-55 . . . THE FLEX'ATOR SPRING, PRE- 

LIMINARY DESIGN DATA (A quide to the de 
sign and application of a new constant-force 
compression element) 


HUNTER SPRING COMPANY 


18 Spring Ave. e Lansdale, Pa. 
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Catalogs and Bulletins continued 


(R-67) Mechanical Seals 


205-2, 8 pp, 


Bulletin S 
provides construction, 
service and application information 
Crane Packing Co., Dept. PEN, 6400 
Oakton St., Morton Grove, IIl. 

(R-68) Leather Packings—Folder, 4 
pp. describes U and V-packings, cup 
and flange packings. Chicago Melting 
Co., Washington and Green St., Chi- 


cago Ts Ill 


(R-69) U and V-Packings—Folder, 4 
pp, describes line of interchangeable 
rubber, leather and fabric packings 
Chicago-Atlas 
Chi- 


Chicago Belting Div., 
Mfg. Corp., 125 N. Green St., 


cago 7, Ill 


(R-70) Leather Packings— Handbook, 
60 pp, discusses design and applica- 
listing 


Includes tables 


mended 


tion. recom- 


dimensional standards for 
various types of mechanical packings 
Mechanical Leather Packing Div., Na- 
tional Leather Assn., 320 


Vor 7, M.. x. 


Industrial 
Broadway, New 


(R-71) Valve Stem Packing 
4 pp, 


Bulletin, 


describes two general types 
(braided asbestos yarns, and plastic), 
manner in which they are made, illus- 
used, 
limitations. Raybestos 


Manhattan, Inc., Passaic, N. J 


trates shapes most commonly 


and lists size 


(R-72) Vibration Isolation 


SVC-55, 4 pp, describes basic theory 


( atalog 


of vibration isolation and shock ab 
sorption and shows various types of 
machinery vibration, gives basic data, 
formulae and graphs. T. R. Finn & 
Co., Inc., 200 Central Ave., Haw 
thorne, N. J 


(R-73) Shock and Vibration Mount- 
Bulletin 
mesh 


ings 1000, 8 pp, describes 


metal cushion unit for heavy 


machinery. Robinson Aviation, Inc., 


leterboro, N. J 


(R-74) Single-Plane 


Catalog sheet 406-A, 2 pp, single-plane 


Swivel Joints 

joints, in contrast to this manufactur 
Barco 
Hough 


er’s self-aligning swivel joints 
Mfg. Co., Dept. J-27, 501 N 
St., Barrington, Ill 


(R-75) Piston Cups 
scribes packing 


Folder, 4 pp, de 


made brass plated 
metal disc enclosed in molded rubber 
Chicago-Atlas Mfg 125 N 


Green St., Chicago 7, IIl. 


Corp., 


Catalogs and Bulletins continued 


(R-76) Gear Boxes, Actuators and 
Pressure Switches—Brochure, 4 pp. 
Contains data on miniaturized geat 
boxes, miniaturized vibration-resistant 
switches, and lightweight, 
compact screwjack actuators. South- 
western Industries Inc., 5880 Centinela 
Ave., Los Angeles, Calif. 


pressure 


(R-77) Heavy Duty Mill Bearings— 
Booklet 2665, 8 pp., dimensions and 
rating data of bearings for shaft diam- 
eters ranging from 2-7/16 to 11 in. 
Link-Belt Co., Prudential Plaza, Chi- 


cago l, lil. 


(R-78) Shock and Vibration Mounts 

Bulletin 56-02, 7 pp, provides de- 
sign procedure for application of shock 
and vibration mounts to protect ship- 
board and vehicular equipment. In- 
cludes complete performance data and 
characteristic curves for obtaining 
proper system natural frequency to 
protect equipment. Barry Controls 
Inc., 830 Pleasant St., Watertown 72, 
Mass. 


(R-79) Polyethylene Pipe—Bulletin 
CE-57, 8pp. Contains data on appli- 
cations, sizes, technical properties, and 
flow rates for water in 
various pipe sizes. American Hard 
Rubber Co., 93 Worth St., New York 
[3, M. z. 


estimated 


(R-80) Effect of Diameter on Rubber 
Covered Squeeze Rolls—Report No. 
10, 2 pp. Discusses and illustrates 
with graphs, deflection of typical rub- 
ber rolls under various loads. Rodney 
Hunt Machine Company, Industrial 
Roll Division, Orange, Massachu- 


setts 


(R-81) Leaded Steel for Forged and 
Rolled Rings—Bulletin, 8 pp. Con- 
tains data and test results. Alco Prod- 
ucts, Inc., P.O. Box 1065, Schenec- 


tady, N. Y 


(R-82) PVC Pipe and 
Memorandum, 8 pp, 
rosion resistance, general properties, 
characteristics. Peter A. 
Inc., 17 Grand St., 
a ee 


Fittings 
covers cCofr- 
fabricating 
Frasse & Co., 
New York 13, 


(R-83) Carbon-Graphite Material— 
Bulletin 20, 8 pp. Contains data and 
chart on United States 
Graphite Company, Saginaw, Michi- 


material. 


gan 
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PROBLEM: 


in 
How to incorporate fast programming and ma 
into a circuit analyzer. 


SOLUTION: 


Adaption of Grant Slides to major operating sections. 


tenance 


ntly developed 
mani le 

ty modi-* of 
t+ eX, res--+J 


ener ay 
+o gence: +- 
to BS 


. .4enance 
} h mainte 
olved the a er 
mitting extreme+y 
agin? % : 4ornal 
+ 1 of the inve+?* 


cae ~ "ft 
of the equipmen’- 


SLIDES 


grant Pulley & H 
23 High Street, 


GRANT 


944 Long Beach Ave-,» Lo 
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synthetic 


SAPPHIRE-«RUBY 


Wear Plates ¢ Insulators 
FOR Relay Spacers e Tube Supports 
Infra-Red Windows 


Single Homogeneous Crystals 


e Extreme Hardness (MOH-9) 
e Surface Finish To "“O" RMS 
High Infra-Red Transmission 
Easily Bonded To Metals 
Ground e Flame Polished e Polished 


Write Today for Full Details 


INDUSTRIAL SAPPHIRE COMPANY 
BOX 422, QUAKERTOWN, PA. 





SANDUSKY fl 


OHIO 


ESTAB. 
1901 


SPECTACLE 
BLINDS 


SPADE BLINDS 
SPACER RINGS 


PIVOT FLANGES 


TEMPORARY AND 
LINE STRAINERS 


Many years as Special 
ists to the Petro-Chem 
ical Engineering Field 
Our quality stock and 
custom designed items 
are also available for 
numerous engineered ap 
plications to hydraulics, food and beverage 
processing, materials handling, etc 


Write today for the new MAC-IRON 
Catalog A-7. Your request will receive 
immediate attention. 


The Mack lron Works Company 


Warren and Water Sts. - Sandusky, Ohio 





Wuy BE Low MAN 
ON THE ROUTING LIST- 


Have your own personal copy of 
PRODUCT ENGINEERING 
sent to your home or office each week 
Fill in — cut out — mail 
Enter my subscription for Product Engineering 


Name 





Title 





Company 





Address 





City 








Zone 





State 


Payment enclosed Bill me Bill company 
No. employees in your department 
Products developed 


SUBSCRIPTION DEPARTMENT 
McGRAW-HILL BUILDING 





ROUTING 
LIST 





A ® 3 
L.A. 
H.E.C. 
E. J. T. 
R. M. 
J.L. B. 
R. K. 
L. B.S. 
P.V. 
File 











Prices: 
- * 1 year — $ 5. 


NEW YORK 36,N. Y. 


D1057 


U 
Canada: 1 year — $ 7. 
A 


ll Other: 


1 year — $25. 
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USE TIME-SAVING 
COUPONS BELOW 


... to request further information on 


all products advertised in this Digest Section 


. . » to request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- 
ning on page 15, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manufacturers of 
this type of product. 


Circle these numbers for further information about 
advertisers appearing in this section (F) 


F49-52 F53 FSS FLS6 FITRS6 FBRS6 F57 Fs8 
F61 FT62 FBL62 FBR62 F63 FL64 FR64 
FBG66 F67 F68 F69 FT70 FBL70 FBR70 
F73 FL74 FTR74 FBR74 F75 FTL76 FBL76 
F78 F79 FTL80 FTRSO 


Circle these numbers for your copy of bulletins 
listed in this section (F) 


R1 R2 R3 R4 
Ri2 


Design Digest (mid-October 1957) 


NAME 
COMPANY 
BUSINESS ADDRESS 


CITY, STATE 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING’s Design Digest Issue, and page num- 
ber of the advertisement prompting your letter. 


Circle these numbers for further information about 
advertisers appearing in this section (F) 


F48 F49-52 F53 FSS FLS6 FITRS6 FBRS6 F5S7 F58 

FS9 F60 F61l FT62 FBL62 FBRG62 F63 FL64 FRG64 
F65 FT66 FBG66 F67 F68 F639 FT70 FBL70 FBR70 
F71 F72 
FTR76 F77 


F731 FL74 FTR74 FBR74 F75 FIL76 FBL76 


Circle these numbers for your copy of bulletins 
listed in this section (F) 


R1 R2 R3 R4 
R12 
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NAME 
COMPANY 
BUSINESS ADDRESS 


CITY, STATE 





NEW BOOKS 


Fastening and Joining 





American Standard on Cap and Set 
Screws. ASA B.18.6.2-1956, 8144 x I1 
in., 21 pp. Published by American 
Society of Mechanical Engineers, 
29 W. 39 St., New York 18, N. Y. 
$1.50. 


This standard combines in a single 
document standards for the principal 
types of cap and set screws, except for 
socket head products (published in 
ASA B18.3-1954). 

It represents the joint efforts of two 
Subcommittees of Sectional Commit- 
tee B18, Subcommittee 2 having re- 
sponsibility for standardization of 
hexagon head cap screws and square 
head set screws, and Subcommittee 3 
having responsibility for slotted head 
cap screws and for slotted headless set 
screws 

Standard ASA B18.6.2-1956 super- 
part ASA B18.2-1952, in 
which previous standards for hexagon 
head cap screws and square head set 
screws were published, and also super- 
part ASA B18.6-1947, in 
which previous standards for slotted 
head cap screws and slotted headless 


sedes in 


sedes in 


set screws were published 


Tentative Specifications On Weld- 
ing Materials. Published by Ameri- 
can Welding Society, 33 W. 39 St., 
New York 18, N. Y., and American 
Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa. $0.40 
each. 


ASTM A 399-56T-AWS A5.13-56T 
covers straight length bare and covered 
surfacing welding rods for use with 
the oxy-acetylene inert-gas, metal-arc 
(non-consumable electrode), carbon- 
and hydrogen welding 
processes. The specification also covers 
straight length bare and covered sur- 
facing electrodes for use with the 


arc, atomic 


shielded metal-arc welding process 
ASTM B 304-56T-AWS A5.14-56T 
covers bare filler metals (welding rods 
electrodes) for the welding of 
nickel and high-nickel alloys contain- 
ing more than 50 per cent nickel by 
the oxy-acetylene, atomic hydrogen, 
inert-gas metal-arc (non-consumable 


F82 


and 


electrode), inert-gas, metal-arc (con- 
sumable electrode), and submerged 
arc welding processes. 

ASTM A 398-56T-AWS A5.15-56T 
covers welding rods for oxy-acetylene 
and carbon-arc welding, and covered 
electrodes for shielded metal-arc weld- 
ing of cast iron, including gray cast 
iron, malleable iron, and some alloy 


cast irons. 


Technical Reports on Adhesives. 
Catalog CTR-300, paper bound, 8 x 
1014 in., 26 pp. Available from 
Office of Technical Services, U. S. 
Dept. of Commerce, Washington 
25, & CG. FBZ. 


This catalog lists 478 reports of re- 
search results on adhesives from gov- 
ernment or private laboratories work- 
ing under contract with the armed 
services or other government agencies 


Graphical Design Procedure for 
Bolted Flange Connections (Lap 
Joints) Meeting ASME Code Re- 
quirements. 814 x 11 in., 36 pp. 
Obtainable from the Manufacturing 
Chemists’ Association, Inc., 1625 
Eye St., N. W., Washington 6, D. C. 
$1.25. 


Procedure set forth can be used ad 
vantageously by engineering personnel 
and others associated with the design 
and specifications of pressure vessels 
These data make it possible to select 
lap joints for a given set of working 
conditions in a few minutes as com- 
pared to the lengthy 
method using formulas. 


conventional 


Study of Effects of Alloying Ele- 
ments on the Weldability of Ti- 
tanium Sheet. PB 121006, Herbert 
M. Meyer, Armour Research Foun- 
dation. 1012 x 8% im., 229 pp. 
Available from the U. S. Depart- 
ment of Commerce, Office of Tech- 
nical Services, Washington 25, D. C. 
$4. 


This report summarizes recent re 
search on the manner in which three 


interstitial elements, carbon, nitrogen, 
and oxygen impair the weldability of 
titanium alloy sheet. Three typical t- 
tanium alloying systems were studied 
titanium-aluminum, titanium molyb- 
denum and titanium-vanadium. Each 
system is discussed separately, includ- 
ing preparation of materials, treating 
cycles and properties of the final weld- 
ments. Results are presented in tables, 
curves and photomicrographs. Through 
this study it was concluded that inter- 
stitial elements are harmful under cer- 
tain conditions. Under other condi- 
tions, however, these elements show 
promise as strengtheners at not too 
high a cost of ductility 


Handbook of Welded Steel Tubing. 
9 x 11 in., 267 pp. Published by 
Formed Steel Tube Institute, Inc., 
850-52 Hanna Building, Cleveland 
15, Obio. $20. 


This handbook has been prepared 
in two parts: Carbon steel tubing and 
stainless steel tubing. Both sections 
present a wealth of information on 
manufacturing methods for 
tubing, availabie, tolerances, 
mechanical properties, fabrication pro- 


welded 
shapes 
cedures and applications. A detailed 
glossary is appended 


Arc-Welded Machinery Construc- 
tion in Mild Steel by A. G. Thomp- 
son. 714 x 9 in., 36 pp. Published 
by British Welding Research Assn., 
29 Park Crescent, London W1, 
England. About $1. 


This and 
clearly illustrated booklet fills a long 
felt need for clear and authoritative 
information in the field 


concise, well written 


After comparing welded steel with 
cast steel and riveted construction, it 
enumerates the principles of welded 
structure design, it analyzes static and 
fatigue loading and allowable stresses, 
and it offers a wealth of design and 
fabrication details 

Cost reduction factors are listed, 
though some of them are shop rules 
rather than design consideration 
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bre Proposed 


ASME Standard 


Dimensional standardization of 


STANDARD is intended to cover the body diameter and head dimensions for 
three head styles of semi-tubular rivets. Heads include: 
(1) Oval head—semi-elliptical head having a flat bearing surface. Table | 


Length Increments—All Rivets 





Nominal Rivet | Length Minimum 
shows rivet proportions. Size Increment Length 
(2) Truss head—low rounded top surface with a flat bearing surface which is ; inne wa Peamasee 9 ae 

. . . . “ “ 

larger in diameter than a round head. Table II shows rivet proportions. 0.089 “i, 54, 
(3) Flat countersink head—flat top with a 150 deg conical bearing surface 0.099 4 *e 
we 0.123 “4, y 
Table III shows rivet proportions. @ 148 “ “ 
0.188 | “4 ‘ 

GENERAL DATA ; a “6 he 

Bearing surface for the oval and truss head rivets shall be at right angles with 0.310 % Lg 


the body within 2 deg. 

Eccentricity of the rivet head to the shank, unevenness of the tubular end, sur- 
face seams or other imperfections shall not be such that the usability of the rivet 
will be impaired. 





Table [V—Radius of Fillet 




































































. Nominal Rivet Size Radius 
Radius of the fillet under the head of oval and truss head rivets shall not exceed — 
the values in Table IV. epee _—_ 
° . . . 0.089-0 099 0.012 
Materials of semi-tubular rivets to be low carbon steel (0.1 of 1 per cent carbon 0.123 0 016 
or less), commercial yellow brass, copper, aluminum and other materials as 0.146 0.020 
greed upon between purchaser and supplier pp pinged — 
agree pe etween | Cnaser anc pp . 0. 252-0310 0.030 
TypeT Type-S 
~>OK-- Length-- 
->D Me —-Length-—> ° 
rt ~— -> H F- T T 7 P- 
Table I— 
4 —}—— : - 
e rn 4 Standards for Oval Head C r-4— r 
as 7 ° (& Semi-Tubular Rivets + © 
} —— + oe Oo 
\-¥illet Fillet 
. y 
Type-T Type-S 
Taper Hole Rivets Straight Hole Rivets 
B Cc D E G H J K 
Approx Hole Dia Hole Depth Hole Dia Hole Depth 
Nominal Body Head Head Head at End of to Start of at End of to Start of 
size Diameter Diamet Thickness Radius Rivet* (Ref Apex* (Ref |Rivet* Ref Apex* (Ref 
— os 
0.061 0 058-0 061 0.109+0 005 0.017 +0.002 0.044 AA 0.C41 MA 
0 089 0. 085-0 O89 0.147+0 005 0.023 =0.003 0.067 lie 0.064 1 
0.099 0 095-0 099 0.187 +0.005 0.029+0.003 ig 0.074 ig 0.072 f4 
0.123 | 0 118-0.123 0 218+0 005 0 034+0 004 i 0.093 84 0 086 
0 146 0. 141-0 16 0 234+0 005 0. 040+0 005 bigs 0.109 64 0.102 ‘ 
0. 188 0. 182-0 188 0 312+0 006 0.060 +0.005 14 0.142 %s 0.136 4 
0 21 0. 210-0 21 0 437 +0 .007 0.068 =0.007 ‘ 0.162 vA 0.157 % 
0 252 0. 244-0 252 0.500 +0 007 0.078+0. 007 23 0.186 Me 0.178 % 
0 310 0 302-0.310 0 562+0 008 0.093 0.007 Ili 0.230 ra 0.213 4 
NOTES: 1. All dimensions are in inches the circumference may be somewhat irregular and edges may 
». Rivet length is measured from the under side of rivet head be rounded or flat 
The hole depth to point of apex shall not be greater than shank *(Ref.) These are reference dimensions only and wil! vary depending 


length upon the purpose for which a particular rivet is designed 
Because the heads of these rivets are not machined or trimmed 


G2 
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Length Tolerances—All Rivets 





Rivet Length 
| Upto and Over 4 times body 
i | 
| including 4 lia and up to and 
Nominal times body including 8 times 
Rivet Size dia body dia 


semi-tubular rivets = — 


oa9 ( * O08 
099 ‘ * 008 
.123 * 010 
.146 « 012 
188 * 012 
217 * 015 
252 * 015 
310 * O15 





Type-T 








OM ~Length--> 
> HH = 
Table LI— 
Standards for Truss Head 
Semi-Tubular Rivets 











fillet 




















B Cc D E 


Approx Hol 
Nominal Body Head Head Hea i at End 


size Diameter Diameter Thickness Radius Rivet* (Ref 


0.061 0.058-0.061 0.125 005 017 =0.002 14 0.044 
0.089 0.085-0.089 187 005 023 +0.003 1g 0.067 
0.123 | 0.118-0.123 281 005 034 =0.004 0.093 
0.146 0.141-0. 146 312 006 040 + 0.005 29 0.109 


0.188 182-0. 188 375 006 060 005 17 0.142 





All dimensions are in inches. the circumference may be somewhat irreg 
Rivet length is measured from the under side of rivet head be rounded or flat 

The hole depth to point of apex shall not be greater than shank *(Ref.) These are reference dimensions only and 
length. upon the purpose for which a particular rivet is designed 
Because the heads of these rivets are not machined or trimmed 


Type-T Type-S 








- Length ~+DMmt- -Length 
ad a 
Table II— 
Standards for Flat Countersunk 
Head Semi-Tubular Rivets 









































Taper Hole Rivets 
F G H 


Included 

Angle of 
Included Bevel on Hole Dia Hole Dept! 
Nominal Body Head Head Angle under Top of Head at End to Start of 
size Diameter Diameter Thickness Head, deg deg Rivet* (Ref) Apex* (Ref 


123 118-0 0.250 +0.005 0.034+0 004 150 136 0.093 

146 141-0 0.296 0.007 0 040 +0.005 150 136 0.109 

188 182-0 0.359+0.008 0 046 +0.005 150 136 0.142 

.252 244-0. 25 0.468 =0.010 0 060 +0.007 150 136 0.186 
Large Flat Countersunk Head Semi-Tubular Rivets 

146 0.359+0_.008 0.046+0.005 150 136 | 0.109 

0.468+0.010 0.063 +0.005 150 136 0.142 





ll dimensions are in inches the circumference may be somewhat irregular and edge 


Rivet length is measured from the under side of rivet head be rounded or flat 
The hole depth to point of apex shall not be greater than shank *(Ref.) These are reference dimensions only and will \ 
length. upon the purpose for which a particular rivet is designed 


4. Because the heads of these rivets are not machined or trimmed { Tolerance on included angle is 0 deg 2 deg 
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Comparative Costs For Seven Assembly Operations 





| 


Operation or Material 


Spot welding 
Projection Welding 
Forming Weld Projection 


Punching Hole 
Rivet 
Driving Rivets 


Arc Welding (1 in.) 
Bolt 

Nut 

Lockwasher 
Assembling Bolts 


Tapping Plate (Material 
Drilling Hole 

Tapping Hole 

Blind Rivet 


Total Cost 


Quantity 
and 
Position 


Projection Rivets 


Welds 


Spot 
Welds 


Cost Comparisons 


Bolts and 
Tapping 
Plate 


Arc 
Welds | 


Bolts 
and Nuts 


1106 





From: American Machinist 


Cost of fastening 
assembly operations 


best. Function and strength of assem- 


M: rHops of assembly have an im- 


portant bearing on cost. The table 
gives a typical cost analysis covering 
seven methods for assembling a sim- 
bracket 


Cost comparisons are based upon spot 


ple to a carrying member. 
welding as 100. 
The table is 


that 


intended to indi- 


the least costly method is 


not 


cate 


G4 


bly must be considered. To apply the 
table, it may be necessary to adjust 
relative costs of performing the vari- 
ous operations, according to condi- 
tions met in different plants. 

Use of the table should avoid choos- 
ing assembly methods without careful 
of the in- 


consideration economics 


Differences will exist, of 
course, in the effectiveness of various 
methods of attachment. But with the 
cost comparison available, the choice 
is obviously the least expensive method 
that will do the job satisfactorily. 
Any such table must take into con- 
sideration plant practices, equipment 


and facilities, tooling, fixture design, 


volved. 


volume and labor costs. An assembly 


be by 
operations in One plant but the se- 


can readily made one set of 
quence of operations in another plant 
not the 


differences listed above. 


will be the same because of 


REFERENCE: 

Cost of assembly A guide used in 
the automotive industry. Published in 
American Machinist, March 25, 1957, 
p 175. 
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‘Wo. 18 (01695) drill, 
c'sink 0337 diax 82° 





for No.8 FHMS 








Clearance hole 
/obliterated 


7 A " 
SS 


Jagged edge 











Screw heod 
profrudes 











Countersinks in thin plates 


MARK LEVINE, project engineer, Grant Pully & Hardware Corg 


Prost EM in countersinking thin plates for flat head screws 
and rivets is that the countersink may obliterate the clear- 
ance hole thus leaving a jagged edge. This is often missed 
by the designer who automatically calls for the standard 
size clearance hole as specified in Table I and illustrated 
in Fig. 1 (A). Failure to spot this trouble causes the condi- 
tion shown in (B). 

With the aid of the charts on the following pages, a 
designer can quickly check dimensions and make the nec- 
essary corrections. The charts include typical counter- 
sink angles for screws and rivets. 

Where A 

B = diameter of clearance hole, in 
C = depth of countersink, in 


diameter of countersink, in 


@ = angle of countersink, deg 


Table I—Clearance Drills for Machine Screws 





SCREW SIZE CLOSE FIT LOOSE FIT 


Screw Decimal Drill Decimal Drill Decimal 
Size Equiv. Size Equiv Size Equiv 


0 060 52 0.0635 50 0.0700 
073 48 0.0760 46 | 0.0810 
086 43 0.0890 41 0.0960 
099 37 0.1040 35 / 0.1100 


112 32 | 0.1160 0.1250 
125 30 0.1285 29 | 0.1360 
138 27 0.1440 0.1495 
164 18 0.1695 770 


190 0.1960 ] 2010 
216 | 0.2210 1 2800 
242 | | 0.2460 2570 
250 0.2570 2660 
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The charts (Figs. 2 and 3 on the following pages) give the 
difference between the diameter A of countersink and the 
diameter B of clearance hole for various depths C of 
countersink as produced by several typical countersink 
angles used in common practice 


EXAMPLE: 
Designer calls for a plate 0.093 in. thick to be drilled for 
a 0.1695 in. hole, and the hole to be countersunk to a 
diameter of 0.337 in. with an 82 deg countersink; normally 
this information would be given as shown in Fig. 1 (A) 
Using the data given in Fig. 2 to check these dimensions 
will show that the drilled hole would be obliterated. Check 
is as follows: 
{ — B= 0.337 


0.1695 0.1675 in 


lo obtain a difference of 0.1675 in. in diameters, Fig 
shows for an 82 deg angle of countersink that a plate at 
least 0.096 in. thick is required 


Two solutions are possible: 

1. Keep countersink dimensions same. To obtain a 0.010 
in. shoulder C should be equal to 0.093 0.010 0.083 
From Fig. 2, A —B 0.144. Therefore B 0.337 
0.144 0.193. Use a #10 (0.1935) clearance drill. This 
results in Fig. 1 (C) where bottom of screw head protrudes 
slightly. 

2. Keep clearance hole same. This prevents bottom of 
screw head from protruding below plate which, if exces 
sive, requires countersinking in mating plate. Since A B 

0.144, A 0.144 0.169 0.313. Countersink is 
changed to 0.313 dia which results in Fig. 1 (D) where 
the screw head sits above the surface of plate. Such a 


condition, however, is not acceptable in good design 


G5 





Countersinks in thin plates (continued) 


Relationship of 


Countersink Voriables 


0.150 
[ ec th of ountersink 


Product Engineering—Design Digest Issue 





Ac) 
c 
°o 


nk diameter 


unters 


Fig.3 


0370 0.350 


0.330 


Depth of countersink C, in 
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Sheet metal seam: 





Before being pressed 


by ae~ 


= 


f Dimpl Fig. 1—MOST COMMON SEAMS 

ica wow are (A) flat single lock and (B) fiat 
double lock. Latter is limited to 0.018 
in. stock when made in can body- 
makers but resists crushing better than 
the single lock seam because it is 
backed up. Single lock seams can also 
be backed up by dimpling, however, 
the dimples are less effective. 








— orem” port 


Chuck 





i 


Before After 
seaming seaming 


Seam (A) Fig.2 (B) 


rolls 


























LJ LJ LJ = 


Fig. 2—CAN ENDS: (A) Single lock seam is inexpensive and two seam rolls, one which curls and the other 
but may come off if contents of can are heavy. (B) flattens. Recessed circular groove required in top of 
Double lock seam stronger but more expensive because can to permit chuck to enter. Can end can be doped 
of notching and flanging operations on body. Both with rubber compound between the surfaces of the two 
seams rapidly produced in can end seamers by chuck sheets before seaming to obtain water tightness. 


Bottom of can 





(B) Fig. 3 























Fig. 3—(A) FLAT BOTTOM SEAM does not need more expensive than the flat bottom seam. (C) Curled 
groove in can end but is made at slower speed because bottom seam avoids the “tin can” look but made in dies 
of inside support. (B) Modified flat bottom has seam and can be used only fer solid contents that will not 
on side of can but also needs inside support—therefore seep through at joint where body of can is notched. 
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and ioints ak oon 





Fig. 4A) FOLDED OVER JOINT with or without backing 
is useful when joint must be made by tools applied to outside 
of the product without inside support, such as: (B) boxes, and 
(C) relay cabinets. (D) Modified folded over joint is stronger 
because of backing and the dimples in bottom plate. 
































Fig. 5—(A) WELDED OR SOLDERED 
FLAT STRIP CONNECTION used for 
heavy stock but must be decorated after 
welding. (B) Lap joint with tabs is suit- 
able for bands because tabs can be closed 
without requiring rigid inside support. 
(C) Butt joint has offset tabs to improve 
appearance by eliminating the projections. 











Fig. 6—IRREGULAR SHAPES 
can be joined inexpensively by tabs. 
Heavy stock usually required to in- 
crease the strength of the tabs. 
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Sheet metal joints fc 


Methods and designs for forming and joining cylindrically shaped parts 
to flat sheets, cylinders to cylinders, head flanges to spools, and caps 








> 8S Ss 4 
oO 8° = 


| Plate 








o <S 
Soc 


Before riveting 
oo. °° Ss 
G5 co O09 OS 
After r veting 


(B) 

















After riveting 
(A) 


Before Wire mesh 
riveting ( D ) 


Fig. 1—(A) SMALL DIAMETER CYLINDRICAL _- strainer in a filter; (C) flashlight housing; (D) wire mesh 


SHAPES can be inserted through hole in plate and riveted in a sifter. S-shape part in (D) avoids using a complicated 
over, thus resembling extruded rivets. Examples: (B) cylindric?! shape which may be difficult to stamp. 


Cylindrical bead 








Fig. 2—(A) ROLLED CYLINDRI- 

CAL BEADS make a strong joint. roll Before rolling 
Bead is stamped into plate, and 

cylinder inserted into groove of 

bead. Bead is then rolled over out- 

wardly in a press. (B) Similar con- 

struction fer large-diameter spool 

and stamped head flange. 


a“ 


ye” 


After rolling After rolling 


(A) (B) 
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ylinders and boxes 


W. C. MILLS 


to cans. Eight methods for constructing and forming square cornered 


ends in sheet metal boxes 


and containers. 








(==, 





(A) 








(B) 





Fig. 3—{A) PRESS FIT JOINT less expensive than deep drawn 
cylinder (B), but attachment not positive. (C) Revolving cap 
attached to neck by rolling a bead in both parts together. (D) 
Double-S joint is very strong but requires multiple-die operation. 


(E) Shows shape of cylinder before joining to plate. 

















(E) 


Fig. 4—SQUARE CORNER BOXES: (A) Separate ends 
welded to sides of box. This permits use of thick-gage steel 
for making heavy-duty boxes. Unlimited in size. (B) Leak- 
proof box is folded from one piece without notching. 
Appearance and groove in corners may be objectionable. 
(C) Notched and folded from a single piece of metal. Box 
is sometimes welded together but usually assembled with 
an overlapping hem. (D) Single-piece box notched and 


(F) 








(G) 


folded with tabs around corners; low cost construction 
suitable for shallow boxes. (E) Notched and folded with 
bumped-on end pieces; good appearance and economical 
in material. (F) Notched and folded with corners seamed 
with a progressive die; die is usually expensive and height 
of box limited to 3 in. because of stroke of punch press. 
(G) Box with bumped-on ends. (H) Lock-seamed and 
hemmed body with bottom curled in; good appearance. 
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From: Plastics (British) 


W. BRUCE BROWN 


Hinges for plastic containers 





INTEGRALLY-MOLDED HINGES 


Fig. 1—SNAP-ON HINGE. Used on small in- 
jection-molded boxes with light contents. Lugs 
on cover are flexed apart and snapped over the 


molded pins 


on 


box. Material used 
must be flexible. 


Fig. | 


Fig. 2—SNAP-ON HINGE. 


sembly before material has stiffened. 


Box sides are 
recessed at the hinge to make a flush assembly. 
Confined to thermoplastic materials with as- 


Fig. 
boxes 6 ia. and longer. Length required for 
flexing of the back to permit assembly. In- 
terfering projections between snap-on hinges 


Fig 3 


3—SNAP-ON HINGE. Suitable for 


hold box and cover together. 





METAL PINS AND MOLDED PEGS 


~S Pay © 
WS ons - 


Fig. 7—WIRE HINGE. Hinge knuck- 
les are molded with cover and box; 
through hole formed by withdrawing 
a piano wire in the tool. Parts are as- 
asembled and inserted and 
crimped to form hinge. 


wire 


Fig. 8—PIN HINGE. Mating molded 
knuckles on cover and box are hinged 
with brass wire pins. Outside knuckle 
has a clearance hole; inside knuckle has 
an undersize hole into which pin is 
driven and held tight. 


Fig 4 


Fig. 9—MOLDED PIN. Pin is inserted 
into cover clearance hole and driven 
into undersize box hole. Pin may be 
molded in contrasting color and acts as 
a hinge pin for lid of bix. 








METAL HINGES 


Fig. 12—METAL HINGE. 
locate cabinet hinges 

which are attached 

with self - tapping 
screws. Hinge bosses 

may project internally 

or externally accord- 

ing to shape of box 
content and size. 


Molded bosses 


Fig. 13 


Fig. 13—PIANO HINGE. 


Iwo hinges 


require accurate alignment. Piano hinge 
is less critical and allows for more fixing 
points. Hinge may extend from box de- 


pending upon box content. 





Product Engineering — Design Digest Issue 








Hinges used on plastic boxes may be classified integrally-molded; Figs. 7-11, use fastening de 
as being: (1) completely integral with the mold- vices; and Figs. 12-16, have metal joints 
ing where no other pins or screws are needed; (2) 
separate such as a pin, rivet, or wire threaded REPERENCI 
through molded knuckles; and (3) metal hinges Hinges for Plastic Containers 


~ M.S.1.A., F.R.S.A. Published in P 
applied by an assembly operation Figs 1-6, are pg 302-303 





Fig. 5—DIMPLE HINGE. Small undercut dimples 
molded into sides of the cutouts engage with 
pimples on the cover projection. 
Extra hinge thickness gives suf- 


ficient rigidity in polystyrene to —_ 
joint parts without cracking ma- Ca 


terial. 


Fig. 6—STRAP HINGE. Flexible polyethylene 
body and cover are molded in one-shot, connected 
by a strap. Strap bend and position is important; 
too acute a bend fatigues the material. 


Fig. 4 — INTEGRALLY-MOLDED 
HINGE. Used on flexible polyethylene 
boxes with either polyethylene or rigid 
plastic cover. Sockets on box are slightly 
undercut for easy mold removal. 





Fig. 10—CEMENTED PIN HINGE. 
Small pieces are cemented to clamp 
the cover to the molded rods on the 
box. Bottom of box is a separate 
assembly cemented to main box body. 
Material used is polystyrene. 


Fig. 11 — CEMENTED PIN HINGE. 
Molded knuckles are pivoted on a molded 
pin passing through a clearance hole in the 
upper piece and cemented into the lower 
knuckle. Lid can be lifted off hinges. 
Fig.11 





Fig. 15 Left—PATENTED HINGE. Hinge 
slips over molded projection on cover and box 


Fig. 15 
9 Punched-out tongue on hinge springs into a 


1 | groove in molding prevent- 
HINGE. Hinge is pressed into = co | jag Mage diggage or te- 
a specially-shaped recess in the 4 By - re |} moval, 
molding. It is a snap-open, snap- 3 ' W. B. Brows 
shut design through 90 deg. -_ “a 
Hinge is retained in the slot by 
punched-out barbs in the metal. Fig. 16 Right—PATENTED HINGE. Hinge is 
iMingworths Plastics, Ltd pressed into a molded slot in cover and box. 
Cover may be opened 180 deg. Hinge may be 
cemented, screwed or riveted in place. 
William & Gray 


- 


Fig. 14 Left — PATENTED 2) 








Product Engineering — Mid-October, 1957 





The Welding Journal 


Ultrasonic soldering, brazing 
and welding 


J. BYRON JONES and WILLIAM C. POTTHOFF, 


Aeroprojects Incorporated, West Chester, Pa 


Eliminating the need for flux and its attendant problems in ultrasonic soldering and 


brazing improves joint reliability and reduces production costs. Ultrasonic welding fa- 


cilitates the joining of similar or dissimilar metals that are normally difficult or impossible 


to join by conventional methods. 


Sor DERING, brazing and welding are three areas in which 
the application of ultrasonic equipment may offer economic 
and technical advantages over conventional joining proc- 
esses. In soldering and brazing ultrasonics eliminates the 
need for flux with its attendant problems, improves joint 
reliability and may reduce production costs. Ultrasonic 
welding, a new joining technique, promises to fill several 
gaps in the joining of similar and dissimilar metals. 


ULTRASONIC SOLDERING 

Application of ultrasonics to soldering techniques is the 
oldest and widest use of this form of energy in the metal 
joining field. Soldering is accomplished without fluxes, 
eliminating contaminants, corrosion, and cleaning prob- 
lems usually associated with such fluxes. When the vibra- 
tory energy is applied to the surfaces to be joined, it breaks 
up and disperses oxides and other contaminating films, and 
aids in the wetting of the base metals with the solder. 
Melting of the solder is accomplished with conventional 
heating elements incorporated in the unit. 

Although a wide range of dissimilar metals can be sol- 
dered ultrasonically, many applications to date have in- 
volved aluminum. This is a result of the interest in alumi- 
num electrical conductors and the difficulties associated 
with soldering aluminum with conventional methods. 

In addition to its adaptability to a wide range of metals 
ultrasonic soldering offers considerable flexibility in other 
ways. Tubes, bores, holes and other locations difficult to 
reach can be soldered or tinned readily. Tinning and 
soldering of metal on a continuous basis is possible with 
a relatively small investment in tooling 

Silicon and germanium transistor elements, which are 
otherwise difficult to solder because of the precise electrical 
standards, are now being joined with ultrasonic equipment 
on a production basis. The sealing of electronic cases where 
flux contamination can not be permitted is an example 
where ultrasonic soldering is required. 

Although investigations are being carried on to develop 
bath soldering apparatus, most production installations at 
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the present time use probe units, Fig. 1. Tests indicate that 
the dissipation of ultrasonic energy in a bath is very high 
and that the soldering tip must be in close proximity to 
the parts being joined. However, these ultrasonic heads 
can be mounted in jigs or fixtures and parts can be dip 
soldered on a mass-production basis. 


ULTRASONIC BRAZING 


Ultrasonic brazing is an extension of the ultrasonic sol- 
dering process. Brazing is used where a joining metal with 
a higher melting point and superior flow range is required 
or where strength or corrosion problems are encountered 
with soldered joints. 

Production applications of brazing are limited at present 
to the fluxless brazing of aluminum, copper, and similar 
materials using aluminum-silicon or aluminum braze metals 
with melting points in the range of about 750-1250 F. The 
physical and mechanical problems associated with ultra- 
sonic brazing are similar to those of ultrasonic soldering 


Fig. 1—Ultrasonic soldering equipment used in tin silicon 
disks. Capacity of the generating unit is 12 watts. 
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Fig. 2—Photomicrograph of ultrasonic weld in 06.025 in. 
electrolytic copper sheet, magnification 100 X. 


However, the higher temperatures (750-1250 F) utilized 
in brazing introduce additional engineering problems 
which require closer attention to equipment design if 
maximum efficiency is to be achieved 

Brazing has been used to join heavy gage insulated alu- 
minum and coated copper wire without stripping. Joints so 
produced have excellent strength, electrical conductivity, 
superior ductility and good corrosion resistance. Standard 
EC aluminum alloy instead of aluminum-silicon as braz- 


ing alloy produce the most ductile joint 


ULTRASONIC WELDING 


Ultrasonic welding bonds similar or dissimilar metals by 
the introduction of ultrasonic energy into the metals in the 
area to be joined. The pieces to be joined are clamped at 
low pressure between two welding members or sonotrodes 
and the vibratory energy is introduced for a brief interval, 
generally one-half to two seconds. Solid-state metallurgical 
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Fig. 3—Photomicrograph of ultrasonic weld in 0.010 in. 
400 series stainless steel sheet, magnification 120 X 


bonds are thus produced with insignificant external de 
formation of the pieces being bonded 

Ultrasonic welding differs from ordinary pressure weld 
ing in that bonding is accomplished: a) without extensive 
surface preparation, b) with inconsequential deformation 


(5 per cent instead of 60-80 per cent); c) with lower applied 
Static compressive loads during welding 

Internal deformation in the weld zone results trom 
stresses introduced by the static force applied through the 
welding tips, and the super-imposed oscillating stresses 
associated with delivery of vibratory energy. External de 
formation is usually less than 5 per cent of the total thick 
ness of the sheets being welded. Inspection of numerous 
micro-sections reveals interface deformations of conside 
able magnitude when the materials are of foil thickness; in 
thicker sheet materials, internal displacements are of ap 
proximately the same order of dimensional magnitude 

Ihe photomicrograph of the copper weld, Fig. 2, illus 
trates internal deformation, and the evidence of cold work 





Ultrasonic energy may be defined as high-intensity 
vibrational energy, usually but not necessarily at a 
frequency above the audible range. In the metal joining 
field, a typical ultrasonic unit consists of a generator 
of high frequency electrical energy, a transducer that 
converts the electrical energy to mechanical vibration 
and a coupler that transmits the vibration to the work 
area, where it is applied to the metal 

Iransducers consist usually of a core made from a 
laminated magnetostrictive metal and a solenoid type 
winding. When the core is subjected to changes of 
intensity of the magnetic field caused by the flow of 
alternating current in the winding, it undergoes small 
changes in dimensions, called the magnetostriction effect 

Materials which exhibit this magnetostrictive effect in 
sufficient magnitude to be of practical significance include 
nickel, nickel iron alloys and others. For most metal 
joining uses, nickel or 45-50 per cent nickel-iron offers 
a very good compromise of durability, efficiency, and 
formability. For very high temperature operation, a 
nickel-cobalt or cobalt-iron alloy may be used 

rhe efficiency of an ultrasonic system is related to the 
transformation of electrical to mechanical energy and 
also to the coupling between the transducer and the 
work. Contradictory data on the relative merits of 
ultrasonic equipment can be found, some of this is 
a result of inefficient transducer-coupler systems. For 
ultrasonic welding, coupling systems must be very 
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Table I—Strength of Ultrasonic Welds in Several Materials 





Energy Applied Nominal 
to Static Shear c Unit 
Sheet Accomplish Compressive Fracture r shear 
Thickness, Welds, Stress, Strength, strength 
Materials in w-sec psi Ib psi 


Aluminum 
Aluminum 
Aluminum 
Aluminum 
Cartridge brass 
Cartridge brass 


Stainless steel 


Fig. 4—Aluminum foil (0.001 in.) ultra- 


040 1500 000 288 7,980 
032 1350 2,000 210 3,050 
032 1650 000 3,460 
040 2100 000 28 
016 1050 00 250 
900 275 


016 1050 
020 900 600 178 





sonically welded to plate (1.0 in.). 


at the interface in the steel micrograph of Fig. 3 is cleat 

It is reasonably certain, therefore, that ultrasonic weld- 
ing results from internal plastic flow at the interface under- 
going welding. Since shear and compression vibration are 
established as one method of making ultrasonic welds, a 
number of mechanisms have been postulated as a means 
of accomplishing this type of welding. One theory is that a 
gelatinous condition is produced in the sheets around the 
weld zone that deforms elastically and plastically. At the 
interface, these gelatinous formations may be moving 
somewhat in opposition to each other, and the surfaces in 
contact execute local plastic deformation, perhaps some- 
what resembling a reversing fluid boundary layer. This 
process is continued until sufficient weld area is built up or 
until there is insufficient power to cause further internal 
plastic deformation at the weld zone. 

The elastic vibratory energy delivered to the weld zone 
a) generates surface and internal stresses in the weldment, 
b) produces elastic and plastic deformation in the weld 
zone, generating heat and resulting in an associated tem- 
perature rise, and c) can traverse the weld zone and be 
dissipated elsewhere in the metal being joined. 

In ultrasonic welders that have been designed to date, the 
static force applied has been in the range of 10 to 350 Ib 
Excessive static force will produce unnecessary surface de- 
formation in the weldment. The static force required to 
produce good bonding seems to be dependent upon the 
following factors: the physical properties of the material 
being welded, the thickness of the thinnest member of the 
weldment, the ultrasonic power being utilized and the ge- 
ometry of the welding tips. In general, low static forces are 
associated with a) small welds, b) thin materials, c) soft 
materials, and d) low power. Greater static forces are 
associated with a) larger welds, b) heavier materials, c) 
hard materials, and d) higher power. 

Welding tips of spherical geometry having radii between 
about 1.0 and 6.0 in. have been used. Much of the work 
has been done with a spherical tip with vibration parallel 
to the plane of the weldment. The transducer-coupler sys- 
tem is not “force-sensitive.” Very little energy is lost to the 
mounting system, much of the delivered ultrasonic energy 
being localized in the weld zone 

Che transducer used is a stack of nickel laminations, 
with a low d-c voltage polarization source. Current is 
supplied by an electronic generator at the design fre 


quency of the transducer-coupling system 


Gié 


MATERIALS 


Some of the highly tentative conclusions that have 
been reached regarding the ultrasonic welding process and 
its relation to material properties are: a) very soft mate 
rials are somewhat more difficult to weld than harder alloys; 
b) bimetal welds can be achieved more readily when the 
hardnesses of the two metals are of the same order of mag- 
nitude; c) micro-hardness studies on welds in several 
aluminum alloys indicate no substantial increase in hard- 
ness over that of the surrounding metal; d) weld area in- 
creases with thickness of material to a limiting value 
above which welding has not yet been possible, and this 
limit is different in different materials; e) smaller welds 
are achieved in hard materials than in soft materials; f) 
cleanliness and surface films need not be as carefully 
controlled as for pressure welding. 

The present status of ultrasonic sheet-to-sheet welding is 
indicated in 
welding of any of these materials 


Table I. No heat was introduced during 


1. Foil-thickness materials can be metallurgically joined 
and the bonds have very substantial area as compared with 
fusion welds in such gauge of materials. 

2. Foil-thickness materials can be joined to heavy plate, 
rods or tubes. So far as is known, Fig. 4, it is not feasible 
by any other method to achieve welds of considerable 
area between 1-mil foil and 1-in. plate. 

3. Small buttons of one metal can be joined to heavier 
sheet, plate or ribbon to produce the type of joints de- 
sired for electrical contacts. 

4. Welding of sintered aluminum powder products, and 
probably other sintered powdered materials as well, can be 
effected. 

5. Copper in gages at least up to 0.040 in. and 1100 
aluminum up to 0.080 in. can be ultrasonically welded 
without excessive power requirements. 

6. The process can probably be used for joining many 
dissimilar metals where existent methods are impractical 
7. Hermetic sealing of small containers, such as impact 
extrusions, squeeze tubes, etc., may be effected 

8. A variety of configurations may be joined. For ex- 
ample, small ribs can be welded to plates or tubes in a 
spiral configuration 


REFERENCE: 

“Ultrasonic Welding” by J 
Potthoff 
761-766 


Byron Jones and William ¢ 
Published in the Welding Journal, Aug. 1956 pp 
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Fig. 1—Comparison of flat-dipping and stationary wave soldering. 
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Fig. 2—Printed circuit produced by stationary wave soldering. 


From: Electronic Engineering 


Stationary wave soldering 


of printed circuits 


R. STRAUSS, A.LM., and ing point. The difficulty with dipping 


a flat, fluxed circuit panel is twofold 
A. F. C. BARNES, B.Sc., A.R.S.M 


trapping of flux and the resultant for 
Fry's Metal Foundries Ltd 


mation of “icicles” or bridging be- 
tween conductors. Trapped flux also 

= basic requirement with all solder- prevents molten solder from tinning 
ing Operations is to present a clean, the copper and completing the joints 
fluxed metal surface to molten solder The trapping of the flux is con 
that is free from oxides and at the trolied by the way in which the circuit 
correct temperature. enters the solder bath, while the oc 
Soldering of printed circuits entails currence of icicles, or of bridging be 
several special requirements: Only the tween adjacent printed conductors 
underside of the printed wiring panel depends on the manner in which the 
must come in contact with the molten panel is withdrawn from the bath 
solder. Soldering temperature and time Withdrawing at an angle makes it 
must be reduced to a minimum to pre- easier for excess solder to drain off 
vent the formation of blisters between and to run back into the bath, and this 
backing and copper foil, and to pre- is the reason for the various endeay 
vent heat damage to components ors to provide angled withdrawal 
mounted on the panel With flat dipping no flux is left on the 
The first requirement limits dip- panel when it leaves the solder bath 
soldering to flat dip procedures. The and it is difficult to avoid the forma 
second requirement restricts the choice tion of icicles, tears or other defects 


of solder to an alloy with a low melt- without a protective flux cover 
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The Flowsolder method « 
circuit dipping eliminates many of the 
problems inherent to dip-soldering 
The printed circuit is passed over 
Stationary wave of molten solder 
formed by pumping the molten meta 
through a nozzle. The circuit pan 
remains horizontal and moves in 
Straight line; angled entry and exit of 
the circuit undersides are provided by 
the shape of the solder wave Fig. | 
shows a comparison between the flat 
dipping method and the stationary 
wave principle. The uninterrupted 
straight-line movement of the printed 
panel across the solder bath readily 
lends itself to incorporation § in 
steadily moving assembly line 

Angled entry into the surface of the 
solder wave, combined with the wash 
ing action of the moving solder, pre 
vents trapping of flux or air and pro 
duces clean, well soldered joints, Fig 

Contact with constantly flowing 
solder provides rapid heat transfer 
from solder to panel, reducing the 
contact time and assuring consistently 
sound joints. The molten solder well 
ing up through the nozzle is drawn 
from below the surface of the bath 
and is therefore at a constant tempera 
ture, free from metal oxides 

With the stationary wave system 
level control to close limits is not nec 
essary because the height of the wave 
is easily regulated by adjusting the 
speed of the metal pump which forces 
the molten solder upwards through the 
nozzle. The level of the bath is kept 
constant by an automatic ingot feeder 
that avoids temperature fluctuations 

By adjusting the viscosity of the 
molten resin flux used, it is possible to 
formulate a flux which remains on the 
circuit panel after its passage through 
the solder wave. Because of its pres 
ence On the exit side of the solder 
wave, it prevents the formation of 
icicles and bridging. The dipped panel 
is covered with a thin layer of solid 
resin, which ts dry and hard, and con 
forms to all the requirements of insu 
lation resistance, and freedom from 


corrosive action 


REFERENCH 


The Flowsolder Method of Solderins 
Printed Circuits by R. Strauss, A.I.M 
and A. F. C. Barnes, B.Sc., A.R.S.M 
Fry's Metal Foundries Ltd. Published i 


Electronic Engineering, November, 195¢ 
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Development by the ASMI 


Hole sizes for tapping screws 


Turi 4D-PORMING screws, Type A, are Table I—Hole Diameter for Type A Tapping Screw in Sheet Metal 
a hardened product with spaced 

threads and girlet point. They are in- (Steel, Stainless Steel, Monel Metal, Brass, Aluminum Alloy) 
tended primarly for use in light sheet 
metal, resin-impregnated plywood, as- 





ag oo Pierced or Drilled or 

bestos compositions, and similar mate - Extruded Hole Clean Punched Hole 
. : etal ~ - 

rials. Applications include materials Size Thickness Hole Required | Hole Required | Drill No 
where large internal stresses are per- — 
missible or desirable to increase resist- O15 086 44 
018 086 44 
024 093 42 
030 093 42 


036 098 40 


ance to loosening. Table I shows hole 
diameters for sheet metal. 

Type B tapping screws are thread- 
forming screws for applications in ma- 
terials where large internal stresses are 
permissible or desirable to increase 





015 
018 


024 
blunt points and starting threads, the 030 


crests of which are tapered and incom- 036 
plete. Like the Type A tapping screw, 

they are spaced-thread screws but the | 015 
pitches are generally finer. Tables II, 018 
III, and IV show hole diameters for 024 
various materials. 74 030 


resistance to loosening. They have 


Type C tapping screws are thread- 036 
forming screws with a blunt tapered 048 
point and machine-screw, diameter- 
pitch combinations approximating the 018 
American National Form. They are 024 
030 
036 
048 


used where a machine-screw thread is 
preferable to a spaced thread, as used 
for the Types A and B thread-forming 
screws. They are also useful where the 
chips produced by a thread-cutting 
screw in machine-screw sizes would be 
objectionable. Type C screw may re- 
quire extreme driving torques because 
of long thread engagement or insertion 
in hard metals. Table V shows hole 
diameters for sheet steel. 

Types D, F, G and T tapping screws 
have threads approximating the ma- 
chine-screw series, a blunt point and 
tapered entering threads with one or 
more cutting edges and chip cavities 
Tapered threads of the Type F screw 036 
may be complete or incomplete; all 048 
other types have incomplete tapered 





threads. Table VI shows hole diam- Note 


Because conditions differ widely, it may be necessary to vary the hole size to suit a particular 
eters for various materials. application 
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Table IiI— Table V— 
Hole Diameter for Type B Tapping Screw in Castings Hole Diameter for Type C Tapping Screw in Sheet Stee! 


Aluminum, Magnesium, Zinc, Brass, Bronze No. 20 Gage (0.037") No. 14 Gage (0.075") 








Minimum Hok Drill Size Hole Drill Size 
Drill Size Penetration in Size No Size No 
Hole Required No Blind Holes 


0.093 0995 39 


078 0.113 33 122 3.1 mm 


104 


128 0.136 147 26 


0.154 A 1695 18 
0.1695 1730 17 
0.189 199 8 


144 
152 
177 
234 A 
234 A 
295 M 








No. 18 Gage (0.048") . 12 Gage (0.105") 
Table IV— 


Hole Diameter for Type B Tapping Screw in Plastics 





0.093 101 
Cellulose Acetate 32 0.116 3 125 

Phenol Cellulose Nitrate 
Formaldehyde Acryl Resin e Styrene Resin 32 0.144 ] 1495 
24 0.161 73 
Minimum 32 0.1695 177 


Hole Drill Size Hole Drill Size Penetration in . 
Required No Required No Blind Holes 24 0.1935 199 





078 
099 
128 


20 0.221 . 234 
28 0.228 238 
18 0.290 295 M 





136 ! No. 16 Gage (0.062”) . 10 Gage (0.134") 
149 
177 
199 | 0.096 

0.1160 





234 

0.144 
0.166 
*Otherwise designated as Type Z : 0.1695 


Note: Because conditions differ widely, it may be necessary tolvary the Q25 
1ole size to suit a particular application 0.1935 





0.2280 1 6 mm 
0.232 5.9 mm X B 
0. 290 L M 





N ote: Because conditions vary widely, it may be necessary to change the 
hole size to suit a particular application 
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lable VI—Hole Diameter for Types D, F, G, T Tapping Screws 





Stock Thickness, in 


0 140 








0890 0890 0.0935 0960 0. 0980 0980 0 1015 
1100 1130 0 1160 1160 0.1160 1200 0 1250 1250 


1360 1405 0 1405 1440 0 1440 1470 0 1495 1495 
1520 1540 0 1610 1610 0. 1660 1695 0 1730 1730 1730 
1590 1660 0 1660 1695 0 1695 1695 0.1770 1770 1770 

1800 1820 1875 0.1910 1910 0.1990 1990 1990 


2130 2188 0.2210 2210 0 2280 2280 2280 
2210 2280 0.2280 2340 0 2344 2344 2344 
2770 0.2770 2813 0 2900 2900 2900 

2900 0. 2900 2900 0.2950 2950 2950 

0.3390 3390 0.3480 3580 3580 

0.3480 3480 0.3580 3580 3580 





In Aluminum 





0890 0890 0.0890 0935 0.0935 0938 0 0980 
1094 1094 0.1110 1130 0.1160 1160 0.1200 1250 


1360 1360 0 1360 1405 0.1405 1440 0 1470 1495 1495 
1495 1520 0 1540 1570 0.1590 1610 0 1660 1719 1730 
1610 1610 0 1610 1660 0. 1660 1660 0.1719 1770 1770 

1770 0.1800 1820 0.1850 1875 0.1910 1990 1990 


0 2055 2090 0.2130 2130 0.2210 2280 2280 
0.2188 2210 0.2210 2210 0. 2280 2344 2344 
2660 0.2720 2720 0. 2810 2900 2900 

2810 0.2812 2812 0.2900 2950 2950 

0.3281 3320 0.3390 3480 480 

0.3438 3438 0.3480 3580 3580 





In Cast Iron 





0995 0995 0.1015 ) 0.1015 0 1040 
1200 1200 0.1250 125 0.1250 0.1285 


1470 1495 0.1495 0 1495 5 0. 1540 
1695 1695 0.1719 7: 0.1730 0.1770 
1730 1730 0.1770 0.1770 0.1800 

1960 0.1990 0.2031 


0.2280 0 2344 
0.2340 3 0.2380 
0.2950 

0.3020 

3480 | 0.3480 

3580 : 0.3580 





In Zinc and Aluminum Die Castings 





0960 0960 0.0960 0960 0.0995 0995 0 0995 
1160 1200 0.1200 1200 0.1200 1200 0.1200 


1440 1440 0.1440 1440 0.1470 1470 0.1470 
1610 1660 0.1660 1660 0.1660 1660 0.1695 
1695 1695 0.1719 1719 0.1719 1719 0.1719 

1890 0.1910 1910 0.1910 1935 0.1935 


0.2188 2188 0. 2210 2210 0.2210 
0.2280 2280 0.2280 2280 0.2280 
2770 0.2810 2810 0.2812 

2900 0.2900 2900 0 2900 

0.3390 3390 0 3390 

0.3480 3480 0. 3480 





In Plastics 





Cellulose Acetate, Cellulose Nitrate 
Phenol Formaldehyde Resins, Styrene Resins 





Depth of Penetration Dept! 
Screw Hole | Drill Size Hoke Drill Size 
Size Required No. Min Max Required No Mir 


56 0.073 RECOMMENDED (See Type 
40 0.098 2 
32 0.116 


‘ 
4 


32 0.144 
24 0.161 
32 0. 166 
20 0.228 





Note: Because conditions vary widely, it may be necessary to change the hole size to suit a particular application 
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Sheet metal can be attached to polyester-glass fiber laminates 
as thin as 1/8 in. with sheet metal screws to give torque values 


exceeding 35 in. lb. 


Screw-holding power of 
polyester laminates 


R. R. DIXON, Westinghouse Electric Corporation 


Sinct polyester-glass fiber laminates 
are structural materials, they are most 
with 
many in- 


frequently used in combination 
metals or other plastics. In 
stances, sheet metal screws are used 
reinforced 
plastic by driving the screws through 


the metal and into the plastic. 


to fasten sheet metal to a 


Such assemblies are generally satis- 
factory when made in accordance with 
the data supplied by the screw manu- 
facturers, but failure 
occurs. In an attempt to obtain better 


occasionally a 


data, a study was made to determine 
an approximate optimum hole size for 
sheet metal and a laminate 
composition that would yield a maxi- 
mum hoiding power. 

In determining which variables in 
the molding material affect screw hold- 


screws 


ing ability, 4% in. panels of the com- 
positions given in Table I were tested 
All these laminates, except the lami- 
made with 
chopped strand mat. Laminate E had 
a continuous fiber spiral mat. 


nate designated E, were 


A study of the results obtained in 
the screw holding tests with the seven 
types of laminated panels led to the 
following conclusions: 

(1)—Major variable is the size of 
the hole. For maximum torque, hole 
should be about 0.125 in. for No. 10 
for No. 8 
screws. Larger holes give less contact 
and smaller holes 
lamination 


screws and about 0.100 in 
area result in de- 


and degradation when 


screw is driven 

(2)—Increasing glass content in- 
creased holding power. 

(3)—Inert fillers reduce torque by 
about 4 in. Ib. 

(4)—Spiral mat showed no im- 
provement over conventional chopped 
strand mat. 

(5)—Chlorinated resins show some 
improvement. 

The test data are summarized in 
Figs. 1 (A) and (B). Since these data 
were intended for commercial use, no 
attempt to determine the 
effects of variables such as tempera- 


was made 


ture, humidity, and screw dimension 
Screws were measured on the outside 
diameter and were rejected only if 
they did not fall within commercial 
tolerances. Screws were driven through 
the sheet metal which was simulated 
by a steel washer into the plastic. To 
correct for thickness variation be- 
tween panels, torques as measured 
were corrected to 0.125 in. thickness, 
assuming that torque was proportional 
to material thickness. Holes in the 
plastic were drilled, using standard 
size drills. 

Screws were driven with a torque 
screw driver. Stripping torque was the 
maximum torque attained, and where 
the screw-head deformed so that a 
stripping torque could not be ob- 
tained, the torque was plotted with an 
arrow indicating a value greater than 
the highest torque read. Plotted points 
are the averages of five readings. 

Data from the seven tests are com- 
bined in Fig. 2 (A) and (B), p. G24, 
as a function of hole diameter. 





Table I—-Composition of Laminates 





MATERIAL 


Per cent Weight 


40 

45.5 

33.3 

33.3 

33.3 Spiral 
33.3 

33.3 





GLASS 


RESIN 


Per cent Volume 


26 
30 5 
26 3 
26 3 
26 33.3 


26 2 Cl plus 3 








Weight, per cent 


26 6 Cl plus 9.5 
5 Styrene 28.0 Al (OH), 


FILLER 


None 

None 

33.3 Surfex 
33.3 Al (OH) 
33.3 Al (OH); 
Styrene 28.6 Al (OH) 
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Effect of screw-hole size on the screw-holding power of polyester laminates 
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Screw-holding power of polyester laminates (continued) 
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From: SPE Journal 


Adhesives for 


high-temperature applications 


WILLIAM BANDARUK, 


THI inherent advantages of organic 
metal-to-metal 
fasteners are: 

(1) Production of smooth surfaces 
which lowers air An 
portant factor in supersonic aircraft. 

(2) Realization of uniform 
bonded surfaces. 


stress concentrations caused by 


adhesives over metal 


resistance. im- 
stress 
Local 


metal 


over entire 


fasteners are eliminated. 
(3) 


uniform stress. Weight reduction of 


Use of thinner skin because of 


overall asembly as adhesive is lighter 
than metal fasteners. 

(4) Fabrication of complex designs. 
Designs might not be possible by 
mechanical means alone 

(5) Increased resistance to fatigue 
as compared to metal fasteners. 

(6) Dampening effects causing de- 
in vibration. 


(7) Liquid 


crease 
tightness is attainable 
with certain adhesives 

(8) 
is quite frequently a problem when us- 


Reduction of corrosion which 


ing metal fasteners 


EVALUATION OF ADHESIVES 
Neoprene-phenolic-nylon adhesives 
have been successfully used for many 
But 
increasing speeds the adhesives were 
found to have poor physical properties 


years on subsonic aircraft. with 


at the elevated temperature generated 
by air friction. 
metal adhesives led to the evaluation 
of a number of high-temperature re- 
sistant metal-to-metal adhesives. 


The advantages of 


For high-temperature use an epoxy 
phenolic base adhesive was found sat- 
isfactory. This 
422-J, is manufactured in the form of 
a 36 in. wide tape and consists of 
epon-phenolic resin, metallic filler, and 


adhesive, known as 
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Table I—Evaluation Tests of 422-5 Tape 





Test Condition, F 
Room Tem 
180 
260 
350 
500 


68 


Shear strength 


Vibration fatigue 
(10 Million Cycles 


Rcom Temp 


Creep rupture Room Temp 


200 Hours 


180 
200 Hours 
Bend test Room Temp 
Storage test (6 months 
35 or lower) shear 
strength 


Room Temp 
260 


Fluid Soaks: 
Shear strength 


Tap water 30 days 


Ethylene glycol 7 days 


Anti-icing fluid, 7 


Hydraulic oil, 7 days 


MIL-H-3136, Type III 
(hydrocarbon fluid 7 


days 


Salt spray 30 days 


day 


JP-4 fluid, 7 days 


Spec MIL-A-8331 
Minimum 
Requirements, ps 


: } 
Number 


Specimens 
2500 
1250 

Not part of Spe 

Not part of Spex 

Not part of Spec 


2500 


650 


1600 1600 


151 lbs 


2475 
2050 





2000 
2000 
2000 
Ss 2000 

2000 


2000 


2000 





glass cloth carrier. Thickness ranges 
from 10 to 20 mils. A disadvantage is 
short shelf life at room temperature; 
at 40 F storage, shelf-life is extended 
to six months. Table I 
ation test this 
accordance with Air Force Specifica- 
tion MIL-A-8331. 

Examination shows that this epoxy 


shows evalu- 


results on adhesive in 


phenolic adhesive does not have as 
high shear strength at room tempera- 


1957 


ture as some other commercial ad 


show values of about 
their 


with 


hesives. Some 


3500 psi, but shear stress de 


creases rapidly 
422-J 
from 


temperature in 
stress falls off 
500 F. Fur 


ther, this adhesive has properties that 


shear 
68 to 


crease 


gradually 


can be reproduced more consistently 
than metal adhesives containing rubber 
as the plasticizer for the base resin 

Because of its volatile content, this 


G25 





Table Il—Tests on a Liquid Epoxy Resin 


Cured with Meta Phenylene Diamine Accelerator 





Tested 


Spec MIL-A-8331 A 


Test Condition, F 


verage Number 


psi Results, of 


psi Specimens 


Shear strength Room Temp 2500 3023 40 
180 1250 3209 12 
260 Not part of spec 3353 


350 Not part of spec 
500 Not part of spec 
68 2500 


Vibration fatigue (10 Room Temp 650 
million cycles) 


Creep rupture 260 1200 (Not part 
200 hrs of spec 


Bend test Room Temp 150 Ibs 


Fluid Soaks: 
Shear strength Salt spray, 30days 2000 


Tap water, 30 days 2000 
Ethylene glycol, 7 days 2000 
Anti-icing fluid, 7 days 2000 

Hydraulic oil, 7 days 2000 


MIL-H-3136, Type III, | 2000 
7 days 


JP-4 Fluid, 7 days 2000 





3422 
3056 
3087 
3304 


3010 


3152 


858 


380 


2949 


650 


1200 


163 


2955 








Table 11l—Shear Stress at Various Temperatures of Specimens 


Cut from Bonded Skins with Large Overlap 





Shear Strength, psi 
Temp of Test* F Average Max 
Room Temp 2710 2870 


260 2770 3060 
—70 2567 | 2870 


Number of 
Specimens 


16 
17 
17 





*Soaked at elevated temperature for 30 minutes before testing 





Applications of Epoxy-Phenolic Base Adhesive 
Major application is in sandwich panel of high structure c 
consisting of a metal skin bonded on each side of a special co 


a high stiffness-to-weight ratio. Also withstands high static and 
at high temperatures. 


epoxy resins are satisfactory. 


an expensive thin adhesive film, resulting in about $15,000 firs 
in production. 


Epoxy-base adhesives have been found highly versatile in 


erature is desired. 


conditions of many problems. 





Fiberglas laminates have been bonded to Fiberglas laminates and to 
aluminum with an epoxy adhesive which has an initial paste-like consistency 
In the bonding of strain gages, very thin coats of a formulation containing 


Bonding of special type stator rings for electrical motor, Epon IV replaced 


applications where curing anywhere from room temperature to high temp 


In some instances, no pressure can be used; in others, high pressure is 
needed to press-fit the component parts. The available commercial adhesives 
and resins can be modified using various curing agents and fillers to fit the 


haracteristics 
re. Panel has 
fatigue loads 


t year saving 


many minor 
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adhesive was found not to form liquid 
tight bonds that are desirable in par- 
ticular applications 


PROBLEM OF VOLATILES 

Phenol formaldehyde resins form 
volatiles on curing. At the cure tem- 
perature of 350 F, the volatiles de- 
velop pressures which must be re- 
leased or sufficient press pressure must 
be applied to contain the volatiles 
within the assembly being bonded 
Either provision is a problem to the 
tooling engineer. 

One of the major problems is the 
design of large high-pressure presses 
for containing these volatiles within 
an assembly being bonded. Another is 
the making of expensive high-order 
tolerance dies for bonding of parts and 
maintaining this precision throughout 
the production run 

To overcome these problems, a re- 
search project for developing a high- 
temperature (SOO F) metal-to-metal, 
and metal-to-core adhesive with 100 
per cent solids was undertaken. The 
advantages would be: 

(1) Low bonding pressure, thus 
vacuum pressure techniques could be 
used 

(2) Solid fillets would be formed 
in the bonding of skins to cores. 

(3) Large metal-to-metal areas could 
be bonded at moderate pressures. 

(4) Liquid tight bonds would be a 
certainty. 

The base resin chosen for the de- 
velopment project was the epoxy res- 
ins. Reasons are given below. 


REASONS FOR EPOXY 

Epoxy resin was chosen for the fol 
lowing reasons: 

(1) Adhesion characteristics dis- 
played by hydroxyl groups formed 
from the epoxy group upon curing 
with amines. Also, there are hydroxy] 
groups in the molecule of this class 
of resin which impart adhesion 

(2) No volatiles (solvents or reac- 
tion products) are evolved when this 
resin is cured with amines. This prop- 
erty would prevent formation of voids 
in the bond, and low pressure bonding 
is possible. 

(3) Curing with amines produces 
low shrinkage which should minimize 
the stresses in the bond. 

(4) Resin has inherent wetting char- 
acteristics, which is desirable during 
cure of parts. The adhesive should 
flow to fill all voids. Good wetting 
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adds to molecular attraction between 
the adhesive and adherends. Also, it 
aids in decreasing stress concentrations 
in the bond. 

(5) When cured with amine and 
heat, the polymer formed has an in- 
herent toughness. 

(6) Reproducibility and repeatability 
are attained with this resin. 

A liquid epoxy resin was used for 
the program as it readily lends itself 
to formulation with fill- 
ers, other resins and the many chem- 
icals required in a development pro- 
gram. An aryl diamine was selected 
to cure the resin to obtain the high- 
temperature The 
aromatic portion of the diamine aids 


accelerators, 


resistance needed 


in the attaining of high temperature 
Table I the 
sults of this program. 


resistance indicates 


re- 

Other findings were: no creep at 
260 F for 200 hr at 1600 psi, and no 
at 260 F for 100 hr at 
ranging from 2000-2200 psi. Creep is 


creep loads 
a measurement of the glueline flow 
when the glueline is subjected to pro- 
longed static loads. 

In aluminum skin-to-core applica- 
tion, the adhesive made solid fillets, 
and displayed good adhesion as evi- 
denced by punch-out tests at 260 F. 
Liquid-tight bonds also were formed 

To ascertain the ability of the ad- 
hesive to bond large overlaps, 
19 x 20 x 0.040 aluminum 
skins were bonded at 300 F, 100 psi, 
45 min. Table III the 
70 F, room temperature 
and 260 F, and at the load rates of 
600 Ib/min. 

Second or “B” staging the mixture 
after placement in the bond improves 


two 
in. clad 
shows results 


of tests at 


the shear stress at room temperature 
and 260 F. Table IV shows the results 
of these shear strength tests 


AGE BEFORE CURE 
Second staging should be allowed 
for 16 to 24 hr before curing 
V shows the number of 


shear stress specimens for the purpose 


Table 


results of a 


of determining the reproducibility of 
results and ascertaining the tempera- 
ture at which the fall off 
Standard panels were made using the 
All 
panels were bonded within 16 to 24 
hr after lay-up. 


values 


adhesive as soon as it was made 


The results of varying the concen 
tration of the meta phenylene diamine 
curing agent are shown in Table VI 
Concentration was 12 


17 


varied from 


phr (parts per hundred resin) to 
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Table 1V—Variation of Shear Strength with Time of Bonding After 
Lay-up of Liquid Epoxy Resin Adhesive, Cured with Metaphenylene Diamine’ 





Time of Bonding 
After Lay-Up with 
Fresh Adhesive* 


psi 
Hours 
0 2748 
2912 
2910 
2924 
2933 
2743 
2568 
2796 
2618 
2950 
1670 
2475 


121 
15 Day Ss 
30 Days 


*Adhesive was 4‘ hours old before 
**Average of 4 specimens 
*** Average of 6 specimens 
All Standard Lap Shear Panels Bond« 
Panels Laid up with fresh adhesive 





Average* 


Room Temperature 


Per cent Co 
hesive Failure 


. 


| 


| 
| 


all panels were laid t 


d 300 F 


Shear Strengt! 
260 F 


Per cent Co 


psi hesive Failure 


Average*** 
2684 
2842 
2991 
3484 
3508 
2917 
224 
2598 
30 2187 
30 2122 
0 1336 
10 1588 


100 
100 
85 
5U 
40 
40 
30 
30 


10 psi, 45 minutes 








Table V—Shear Stress at Various Temperatures 





Temperature, F Average, psi 
70 
Room Temp 
260 
300 
325 
350 
400 
500 


2904 
3100 
3275 
1461 
1180 

736 

07 
328 
All panels bonded 300 F, 10 psi, 45 





minutes 


Max, psi Min, psi 
3340 2630 
3600 2685 
3750 2740 
1980 1080 
1390 950 
910 SRO 
600 380 
408 240 








Table 


ViI—Shear Strengths vs Concentration of 


Meta Phenylene Diamine 





Curing | 
Agent 


phr Room Temper 


Av |Max | Min 


12 
15 


2895)| 2960/2750 
3100/3600) 2685 
3380'4025 2640 
3424/3730 3140 


3275 
3143 


17 287 


Max 


9501165 
3750 2740 
3510 2530 
3430 2180 95K 


260 F 


Min| Srp Av |Max | Mir 


810 44 551 
/ 3€ 


624 


432 
Tell 
rif 

480 


910 
710 
605 





All specimens bonded at 300 F, 100 psi, 30 n 


phr. Optimum concentration of the 
15 parts per hundred 
One disadvantage with cured epoxy 
the inherent peel 


strength. Incorporation of polysulfides 


accelerator is 


adhesives is low 
or polyamides does increase the peel 
characteristics, but this also lowers the 
shear strength at high temperature 
In summary, the 
hesives have made 
aircraft applications since their intro- 
duction. The prime reasons for this 
advancement are: (1) ease of appli- 
cation; (2) 


epoxy-base ad- 


great strides in 


excellent base adhering 


1957 


metallic 
(3) 


qualities to kinds 


nonmetallic 


many ol 


and surfaces; sim 
plicity and versatility in compounding 
(4) 


and 


and development; 
fluids 


conditions; and (5) satisfactory physi 


resistance to 


corrosive environmental 


cal properties 


REFERENCE 

Epoxy-Base Adhesives in the Aircraft 
Industry by William 
Fort Worth Div., 
Corp. Published in 
August 1956, p 20-23 


Bandaruk, Convair, 
Dynamics 
Journal, 


General 
the SPE 
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From: The Welding Journal 


Design and techniques for 
arc welding titanium 


R. MEREDITH, B. a BAIRD, Missile Development Div., North American Aviation 


Titanium welds which meet aircraft standards can be produced if correct 


joint design, choice of alloy, tooling and welding techniques are used. 


Titanium has an unusually high af- 
finity for oxygen, nitrogen, and hydro- 
gen at elevated temperatures. Without 
the protection of an inert-gas shield 
during welding, brittle welds would 
occur. To prevent this condition, both 
the top and bottom sides of a joint 
must be protected by: (1) use of the 
inert-gas-shielded consumable or non- 
consumable electrode welding process; 
or (2) use of controlled atmosphere 
chambers. 

Equipment costs for welding large 
assemblies by controlled atmosphere 
chambers become almost prohibitive 
The development tech- 
niques, tooling, and joint design con- 


siderations are 


of welding 


therefore, on 
the inert-gas-shielded arc method of 


based, 
welding titanium parts 


TITANIUM WELDING AND TECHNIQUES 


Weld tests have shown that com- 
mercially pure titanium and some al- 
loys have good weldability. Table | 
contains data on the weldability of 
pure and alloy titanium using tech- 
niques already developed. With the 
development of new welding tech- 
niques, alloys of unknown and poor 
weldability may become fair or good. 
Strength-weight properties of titanium 
weldments, Fig. 1, are generally su- 
perior to strength-weight properties of 
weldments of other metals 

Preweld preparation is the most im- 
portant factor in controlling the inci- 
porosity in titanium 
weldments. Quantitative tests indicate 
the draw filing the joint surface prior 


dence of gas 


to welding is the key to minimizing 
porosity of the joint material. 

In addition to careful preweld prep- 
aration and adequate tooling, welding 
titanium requires care and skill over 
and above that normally required for 
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Weld joint strength 
weight ratio at 700 F 


2024-T3 


Aluminum 


18-8 $H 
Stainiess 


17-7PH-THD 
Stainless 
RCA IIOAT | 


Titanium 

















100 200 300 400 500 


Ultimate tensile 
strength /density x 105 





Per cent of porent Per cent of porent 


metal ultimate ten- metal elongation in 
sile strength at room 0.5 in. at room temp 
temp 

















10 29 30 40 
Per cent 


25 50 75 100 
Per cent 








Fig. 1—Welded properties of various metals. Welded titanium is superior in strength- 
weight properties to other metals, has good tensile strength, but only fair ductility. 


inert-arc welding other materials. For 
example, because of its melting point 
and fluidity properties, alignment and 
fit up are particularly important. Also, 
tack welds must be thoroughly buffed 
or filed to remove surface contamina- 
tion before the final weld is made. 
Filler material should be mechani- 
cally and solvent cleaned before weld- 
ing. In the manual inert-gas tungsten- 
arc welding of titanium, material at 
the end of the filler rod, melted by a 
previous weld, must be removed be- 
fore starting a new weld. The heated 
end of the rod must not be removed 
from within the 
cone while welding. 
Welds, purposely contaminated by 
removing the end of the rod from the 
gas-shield, developed 
verse cracks and showed a nitrogen 


inert-shielding-gas 


delayed trans- 
content of 0.943 per cent. Comparison 
welds developed no cracks and had a 
nitrogen content of 0.334 per cent 


TOOLING FOR TITANIUM WELDMENTS 
The use of titanium presents many 
special problems both in the forma- 
tion of initial component welds and 
in planning for final 
later maintenance welds 
Nozzles. A trailer attachment should 
be used on the 


assembly and 


nozzle to 
maintain gas over the weld until it 
1000 F. 

Hold-down and 


inert-gas 


cools below 
Bars. 
must be used to align and rigidly fix 


backing bars 


the joint during welding. The design, 
therefore, must provide space for the 
use of fixtures. Fig. 2 shows the use of 
these bars to form a corner joint and 
a butt joint weld 

Bars should be of copper or 
inserts of copper immediately adjacent 
to the weld. In addition to insuring 
joint alignment, the chill bars extract 


have 


heat. This shortens the time the metal 
is at elevated temperatures, minimizes 


contamination by atmospheric gas, 


Product Engineering—Design Digest Issue 





FASTENING AND JOINING 


Copper hold 
= _Copper hold down fingers : oon fingers 
~_ and chill bor g 
. : 


Copper chill bar 


Backing gos orifice 


Fig. 2—Tooling for welding titanium. (Above) Butt Joints. 
(Right) Corner joints. Tooling is rigidly fixed and aligned. 


Hold down bor 
le Hold down ws 
- 


Tube 











— Heliorc torch—-—-~- 
|0.020- 0.032-|0.040-|0.0 - 
Moterial Thickness [|0.032 |0.040 {0.064 |0.0 


3 
/g 





Width Ne 





1 yp 
Groove 











Deptn Yea | “Yea | Yea 


+ 
| 





Hold Down Spacing | Yq | Ye Y | 
Backing gos tube oirected 

Backing bor groove and hold down spacing 9 ihe under cide of the 

dimensions for automatic inert arc welding molten puddle 

of equal gages of titanium 


Fig. 3—Recommended hold-down bar spacing and back bar 
groove dimensions (width and depth) for automatic inert arc 
welding of equal gases of titanium material. 


Fig. 4—Manual application of backing gas. By watching color 
of the back side of weld, inert-gas flow from tube can be 
directed to the root side of the weld puddle. 





Table I—Weldability of Titanium 





SPECIFICA 


WELDABILITY STOCK MATERIAL TIONS REMARKS 


Good Sheet and bar RC55, MST GR III AMS 4900 Weld setup should in 
Ti 75 and backing bars for 
RC70, RS 70 AMS 4901 ment 
MST GR III 
Ti 100, MST Gr NA2-7128 
RC-A110 AT NA2-7127 


RS110BX (3Mn-l/ None 
4 to 6Al-3 to 4V None 


Sheet RC-C110M De 
RS 110A AMS 4908 
MST-8Mn 


velopment 
niques May mov 


r weldability 


Unknown ar 4 to 6Al-3 to 4V None 
4Al-4 Mn AMS 4935 
RS 140 None 
3A1—-5Cr or Ti y, NA2-7129 
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Titonium 
Metal foil 


Masking tape 





Titanium 


Fig. 5—Compartment application of backing gas. Side of the 
joint opposite theearc is enclosed in a compartment. Compart- 
ment is formed of metal foil, or cardboard and masking tape, 
or by fastening a section of flexible tubing to the joint. Inert 
gas flows into compartment; after a purge, weld is made. 


Comomotion 
corner weld 


Backing 
gos tube 
Backing 
gos tube 
Self jigging 
corner weld 


Fig. 7—Self-jigging and combination corner weld. (A) 
Ihree sheet section corner weld. (B) Self-jigging corner weld 
containing a spot-welded titanium backing strip. Inert gas is 
directed into void between backing strip and joint during 
welding. Spot welds are sufficient to hold backing strip. 


and reduces the base metal heat- 


SPECIFIC JOINT DESIGN 




















AN 
~~ 
> 

















Backing gos orifice 


Fig. 6—Butt joint on a tank fitting. Butt joints are preferred 
because of greater load carrying capacity and easier welding. 
Also, easier to inspect, but require precise trimming and fit 
up as well as jigging to maintain proper alignment. Sketch 
shows tooling to form butt joint on the tank fitting. 


Thick to thin corner 


ick to thin yner 
no backing gas required Thick to thin corne 


bocking gas required 
recommendea 


Fig. 8—Corner welds joining thick and thin sections. (A) Thin 
section overlapping thick section requires no backing gas and 
is partially self-jigging. Sections must be tightly clamped and 
tack welded. Used only when load is pure shear. (B) Butt weld 
thick to thin sections. Backing gas and jigging is required. 


structures as 


affected area. Fig. 3 shows 


mended hold-down bar spacing and 


recom- 


backing bar groove dimensions. 
Backing gas. With very few 

tions, inert-gas shielding is required on 
both sides of welded joints. A method 


excep- 


of tooling must be devised to permit 
the gas to be expelled under very low 
pressure over the back of the weld. 
Therefore, in designing an assembly 
almost all welded joints must be ac- 
from both after 
final assembly or repair welds cannot 


be made. 


cessible sides even 


Phere are several methods of apply- 
ing backing gas to protect the side of 
the weld opposite the arc from con- 
tamination when jigs cannot be used. 
Fig. 4 shows a manual application. 
Fig. 5 shows two methods where inert 
gas is allowed to flow into a compart- 
ment surrounding the side of a joint 
opposite the arc of the welding torch 
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RECOMMENDATIONS 


Design considerations include: butt, 
corner, attach fitting, flange and spe- 
cial joints. Figs. 6 through 12 show 
these welded joint design. Figs. 13 and 
14 show the common joints used in 
aircraft and present specific recom- 
mendations for their use with titanium 
rhese data are not hard and fast rules, 
but guides of recommended practice 

Specific recommendations for butt 
and flange joints are given in Fig. 13 
Primary and secondary joints are de- 
fined respectively as those joints when 
failed will or will not cause serious 
damage. C is the clearance required to 
give access for tooling, or adequate 
heat distribution, or both. 

Because of the severe notch effect 
at the weld root, the secondary flange 
joint may not be used where the root 
is in tension. It may be used for such 


low-pressure air ducts 
and similar assemblies. The 2¢ bend 
radius required for primary flange 
joints is difficult to form. This limits 
the use of these joints to a very few 
alloys of titanium. 

Lap joints are not recommended 
because of: (1) the eccentricity of the 
loading on the joint; (2) the severe 
stress riser produced at the intersec- 
tion of the overlapping sections with 
the weld bead; and (3) air entrapped 
between the overlapping sections can 
cause contamination. 

Corner and tee joints are specified 
by Fig. 14. In corner joints, as in 
flange joints, the secondary joint is 
restricted to applications where the 
loading does not place the weld root 
in tension. 

Limited use only should be made of 
the burn-down-type tee joint. It is not 
generally recommended because of 
difficulty in maintaining joint align- 
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Combinotion butt and fillet weld - 
restricted to secondary structures 


| Ss 
} 
} 
} 


Butt weld only - recommended (8) 


| 


Fig. 9—Attach fitting joint. (A) Combination butt weld and fillet 
weld. (B) Butt weld only. The butt weld is recommended for 
primary structures as combination welds cannot be used where 
root is in tension because of severe notch effect. 


- 
] 
| 
] 


Metal foil 
\ 


Masking tape 


Bocking 
gos tube 


\ Monwolly held 
backing gos tube 


Fig. 11—Flange joints. Because these joints are easy to clamp, 
jigging is not usually required. Welds usually result in less 
warpage than welds on butt joints. Small radius required at 
flange sometimes prevent use of flange joints. 


—_ 


es | 


Primory joint 
r ty r to 


_ 5 NN 


R 
Primary joint Primary joint 


Butt Joints 
; 0.010 in 


Flange Joints 
Minimum t 0.010 in 
to/t, | 12 Maximum 0.065 in 
Cc /2 in Minimum to/ty 1 142 
R As allowed by permissable Xs 4t 
stress concentration factors 6 
Xp it Minimum 
Qt Maximum 


Minimum 
Maximum 
Maximum 
Minimum 
Moximum 


Rs 3to 4t recommended de- 
pending on the formobility 
of the alloy 


Ry 2t 


Moximum 


Fig. 13—Design recommendations on butt and flange joints. 


ment during welding. However, if suf- area G. This joint 


ficient care can be taken, it may be 
used to advantage in some uses thinner gages of 
The fillet-type tee joint may be used REFERENCE 
when backing gas can be supplied to 
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pronounced distortion in welding the 
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Combination butt ond 
corner weld — 
Restricted to 
seo/ welds only 








Corner weld only - 
recommended 


Fig. 10—Attach fitting joint. (A) Spot welded backing strip 
and a corner and butt joint. (B) Corner weld only. Fitting is 
partially self-jigging and requires no backing gas fixture. Com- 
bination weld is self-jigging but is restricted to seal welds. 


Backing gos 
orifice 


Fig. 12—Special joints. When made of material of sufficient 
thickness to prevent the underside from reaching a temperature 
in excess of 1000 F, require neither jigging, backing gas, nor 
the addition of filler material to form a tight weld. 


Primory joint 


"2 '2 
corneree Burn down 
typeeee 


-" 


Fillet type eee 


Primory jointee 
R max *2ts 


ee 
thorts 
to/t) 
t30rte '\/te ! 

0.065 In. Max ts 0.050 in 
ta/ts or ta/te 5 Max Ce > ts 0.060 in 

Xs 4ts Min ty/te 2 Max 


Fig. 14—Design recommendations on corner and tee joints. 


usually results in for Arc Welding Titanium in Arrcraft 


Applications by R. Meredith and B. | 
Baird, Missile Development Div., North 
American Aviation, Downey, California 
Published in The Welding Engineer, April 


titanium alloys 


Design and Technique Requirements 1957, p 371-377 
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From: Electronics 


Adhesives, solders and fluxes 
for electronic parts 


Adhesives parallel both the fastening and hermetic sealing fields. 


For lap joints in electronic housings, adhesives give strong and leakproof joints. 


Solders and fluxes are being improved to give better joints and to increase the 


reliability of electronic equipment. 


Epoxies. Practically all epoxy adhe- 
sives adhere well to metals, glass, ce- 
ramics, and plastics. Where dissimilar 
metals are to be joined, use of an 
adhesive reduces or eliminates gal- 
vanic corrosion. Desirable qualities 
include high shear strength after cur- 
ing, along with high impact strength 
and low shrinkage. Mica and other 
fillers further reduce shrinkage over 
the working temperature range. 
Epoxy adhesives are available in 
three forms: (1) one-part pastes or 
putties that are cured by heat; (2) 
two-part combination cured by cata- 
lyst with or without heat, and (3) three- 
part combinations that permit control 
of the amount of powdered filler in 
cluded. Table I shows some examples 
Others include 
Aritemp 403 (Aries Labs); Bondmaster 
M620 (Rubber and Asbestos Corp.) 
one-part filled Hysol 
(Houghton Labs) filled; 
Dixon W-10 (Dixon Corp.) giving up 
to 40 lb peelback strength and 300 
psi shear strength on fluorocarbons; 
Nureco GR701 (Nureco Inc.) one-part 
for cementable 
(Louis Labs) 


Epoxy adhesives can be used for 


of epoxy adhesives 


heavy paste; 


two-part 


Teplon; Superhold 


holding together the laminations of 


iron-core transformers and chokes 
The laminations are coated with the 
adhesive, assembled and cured under 
light pressure. Stacks assembled in 
this way are usually quiet because 
laminations are permanently enclosed 
right out to the edges. Moderately 
flexible epoxies give the best results; 
highly rigid epoxies cured to maximum 
hardness can boost coil losses as high 
as 12 per cent if they apply external 
stress to the magnetic material. 


An example of the use of adhesives 
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for assembly is a part using Mylar 


film, aluminum, mu-metal, sintered 
iron, Alnico, copper, rubber and brass 
and assembled with an epoxy-polymide 
adhesive. The adhesive cures in 24 hr 
at room temperature or can be cured 
in one hr at 212 F 

In general, phenolic or epoxy-phe 
nolic resins are used where high shear 
strength is required at temperatures up 
to 500 Ff 


to 200 F, epoxies are valued for ease 


Where temperatures range 


of application, room temperature cur- 
ing, and bonding by contact pressure 

Addition of fillers such as asbestos 
or aluminum dust to an epoxy adhe- 
sive increases both shear strength and 
temperature rating; test results indi- 
cate that 2000 psi at 300 F may be 
possible with a filled epoxy adhesive 


Silicones. Silicone adhesives are pres 
sure __ sensitive, providing 
adhesion to virtually all surfaces over 


the temperature range of 80 F to 


good 


500 F or more. They are particularly 


adhesive to such normally adhesive 
materials as silicone rubber, fluoro- 
carbons and silicone-varnished mate- 
rials. One use is in making pressure- 
sensitive insulating tape; another is the 
bonding together of small parts prior 
to installation 

An example is a nontacky, viscous 
liquid that can be applied by knife 
coating or can be diluted for brush- 
ing, spraying or dipping 
is removed by air drying or by heat- 
ing for 15 to 30 min at 150 to 200 FT 


The solvent 


The resulting coating requires no fur- 
ther treatment. It can be joined to any 
clean surface regardless of whether 
that surface is at —80 or 500 F 
Flexible adhesives that will with 
stand up to 500 F in nonstructural 


applications are already part of the 
Experimental resins 
are being synthesized to boost this 
limit to 600 F. 


silicone group 


Work is also under 
way to boost the shear strength about 
4000 psi at room temperature 


Liquid locknuts. A thermosetting liq- 
uid plastic that locks threaded fasten- 
ers such as the positioning nut for a 
shaft has been developed. A drop of 
the liquid applied to the tightened 
nut penetrates the threads. Curing 
is initiated by the absence of ait 
and accelerated by catalytic action 
of the metals being locked 

Maximum strength is obtained in 
24 hours of room temperature, and is 
adjustable to meet various needs 
Locked joints can be loosened with 
ordinary tools. 

The material will also penetrate and 
seal pores in aluminum and other 
castings, bond glass to itself or to 


metal, and bond sleeve joints in metal 


Laminating adhesives. A laminate cur- 
rently in use is an absorbent paper 
bonded with a phenolic resin (XXXP), 
but other combinations are being de- 
veloped. These generally use paper, 
glass cloth, cotton fabric or Orlon 
fabric as the base and various forms 
of phenolic, epoxy, silicone, poly ester. 
melamine or dialphthalate resins as 
the adhesive or bonding 


Flux-core solders. Many examples of 
new flux-core solders are available 
One type has a mildly activated resin- 
flux core for pretinned or readily 
soldered metals, leaving minimum res- 
idue. Another has a strongly activated 
rosin-flux core for use on tarnished 
or oxidized parts. For production-line 
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Typical Examples of New and Improved Epoxy Adhesives 


Product Curing Schedule Comments 





ARALDITE 502 7 days at room temp or 8 hr Contact-pressure laminating resin. Volume resistivity is 8 x 10"; surface resistivity 
Ciba) 2-part; unreinforced; clear room plus 14 hr at 140 F or 8 is 5.7 x 10"; dielectric strength is 500 v/mil; dielectric constant is 3.8 and 


hr room plus 2 hr at 212 F factor 0.02 at 1 mc. May be used with glass cloth. Shelf life 1 yr; pot 





ARMSTRONG A-2 5-6 days at room temp or 2 hr Values for activator B; others give different pot lifes and cure cycles. Activat 
Armstrong Cork Cx at 165 F is highly volatile. Volume resistivity is 5 x 10 minimizing galvan 
2-part Dielectric constant is 5.24 and loss factor is 0.25 at 10 kc. Pot life 2 


strength 4,000 psi. For 100 F to 220 F 





ARMSTRONG A-f 45 min at 200 F For steel to steel, gives up to 4,500 psi. Cure is with activator E; activator A gives 
2-part fast initial set at room temp but requires 6-7 days at room temp for full strengt! 
and gives 40 minute pot life. Armstrong A-5 has aluminum-powder f 
to 2,000 psi for aluminum to aluminum. A-4, also metal-filled, give 


for aluminum. Pot life 2-3 hr. Shear strength 3,000 psi 





BIGGS R-82 -3 hr room temp No single solvent yet found will soften when fully cured (after 16 hr 


Carl H. Biggs Co For applying thin glue line, and for bonding core laminations. Cures transparent 


; 
2-part; thin liquid; clear gives moisture protection for bonding and pressure-sealing windows of meters 
For hermetic sealing of capacitors, etc. Volume resistiv 
onstant is 4.7 and loss factor 0.19 at10 kc. Shear strengt 


r ~—100 F to 350 F 





BIGGS R-313 2 hr at room temp Similar to Biggs R-823 except soaking several hours in Biggs 
2-part; clear soften. Used also to bond copper foil to plastic laminates for etch 
for bonding mica to itself or to metal. Ultimate shear strength of 


hr. Shelf iife 2 yr; pot life 1 hr 





BIGGS R-835 Developed as adhesive for metal honeycombs, to withstand 500 F generated by 
1-part heavy paste; adhesive filler air friction in supersonic aircraft and guided missiles. Heating in water bath t 
200 F makes it easier to apply. Coated parts may stand several days before baking 


Pot ard shelf life 1 yr. Shear strength 3,500 psi. Good to 500 F 





TYGOWELD 30-B at room or 1134 hr at High st 


ear for nonferrous metals and rigid dissimilar materials. Use 
U. S. Stoneware 80 F or % hr at 220 F same characteristics for ferrous metals. Shear strength 2,500 psi. Shelf lif 


2-part; heavy paste; meta! filled pot life 3 hr. For —60 F to 275 F. 





TYGOWELD 114 2 min 450 F or 60 min at Temperature-indicating; changes to clear amber at 450 F. Shear strengt! 
1-part; fluid unfilled 250 F or rat 220 F psi. Shelf life 6 mo. Good to 375 F 





TYGOWELD PB.-1 3 min at 500 F or 80 min at Temperature-indicating rod; changes from dark green to amber at 482 F when 
1-part; alloyed epoxy extruded rod 38 F cured. Heat work to 300 F or higher, then wipe on. Type 111 lor changes fron 
aluminum to gray. Type II has no color chang« Type lisa r-changing 200 

mesh powder. Will not adhere to fluorocarbons, rubber, polyvinyls or most si nes 


Shear strength 4,900 psi. Good to 350 F 





soldering of copper, brass, nickel- ping or spraying after a wiring board elimination of rosin residues from 
plate, cadmium-plate and other metals, has been plated or etched, then dried soldered joints has resulted in devel 
a purified metal solder with highly in warm circulating air. The resulting opment of fast and effective liquid 
activated rosin flux may be used coating is dry enough to permit han- solvents. One of these has a mild 
Soft-solder alloys use up to 5 per dling of the boards, protects the wiring pruity odor and is relatively nontoxic 
cent antimony in the _ near-eutectic from corrosion during storage and 
lead-tin formulation to give great serves as a flux for dip-soldering Solder resist. For area or spot selec 
hardness, tensile strength and creep Liquid rosin fluxes differing in acti- tive soldering on printed wiring boards 
strength. A silver solder paint which vating agents have been developed to a solder resist coating can be used 
can be dropped at required points on minimize residue after dip-soldering This has a low curing temperature 
a printed circuit and then fused by This is achieved by widening the tem- and short cure time, after which it 
high-frequency induction heating or by perature range for maximum activity withstands solder pot temperatures 
electrical resistance soldering is also as well as by control of flux purity with no breakdown, peeling or crack 
available. Melting range of the paint A viscous flux contains a dye for ing. Prevention of bridging between 
is about 1100 F. Paint may be used to increased visibility. It is intended pri conductors is one advantage 
silver braze parts where a close fit is marily for use at printed-circuit sol 
required between mating parts dering inspection positions, where it 


: REFERENCE 
is applied to indicate spots requiring 


Materials for Electronics by John 
Markus, Associate Editor and David A 
fluxes are being used for dip-soldering Findley, Assistant Editor. Published in 
problems. These are applied by dip- Flux removers. Demand for complete Electronics, October 1956, p 185-216 


Fluxes. Protective-coating types of resoldering and to provide new flux 
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Quick-release fasteners 


MARK LEVINE, project engineer, Grant Pulley & Hardware Corp. 





Dimple pushed back here with Pane/ Grommet Panel closes flush 
special closing tool 


Stud 


} 
1 —_ = 
LASS 
Assembly q 
A 
_ 








“ 
. Grommet Rivets 


Receptacle 





Pane/ 


Receptacle Snap ring (Cc) -“—grommet 


(€) han 
Fig. 1—GENERAL-PURPOSE FASTENER composed 
of (A) stud assembly, grommet and receptacle. Grommet 
secured to removable panel by dimpling or counter- 
sinking panel and then (B) pushing dimple back with 
special closing tool or (C) using snap ring. Receptacle is 
fastened to underside of base of cabinet (D) with two 


SS | 
~. A 


- 


rivets. Locks or unlocks with quarter turn. Fabrication 
required: one large hole and two countersunk holes in 
base; one dimpled or countersunk hole in panel. Studs 
(E) also available with winged or cross-recessed head. 
Tension and shear strength: 700 to 1200 Ib depending 


on size of fastener. Camlock Fastener Corporation 



























































(B) Unlocked (C) Locked (D) 

Fig. 2—SCREW TYPE FASTENER requires special- Fig. 18—ONE-PIECE FASTENER very low in cost but 
shaped holes (A) in panel and base. Dies for piercing requires special hole (A) in base. Snaps into panel hole 
holes available from manufacturer. Inserted through (B) where it is retained in place, then passes through 
panel and base (B) and locked (C) with quarter turn. elongated hole (C) of base. Quarter turn (D) locks panel 
Inexpensive but not self-retained to panel when un- to base but fastener can be turned past quarter turn 
locked. Special-shaped heads for supporting shelves. position unless panel is dimpled for a stop. 


Simmons Fastener Corporation, (Licensed by Illinois Tool Works Fastex, Division of Illinois Tool Work 
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Seven types of fasteners that engage or disengage with a partial twist— 


usually a quarter turn—as contrasted to fasteners that require several turns. 





Removable 
Pane/ 


Shock 
cushion-~-— 








(A) Unlocked 


Fig. #—SHOCK-MOUNTED FASTENER reduces shock, 
vibration and noise between panel and fixed base (A). 
One hole drilled or pierced in both panel and base. 
Fastener permanently attached to panel (B) by assembling 
components and inserting pin with special pliers. Half 
turn of stud locks panel to base (C) by compressing 
rubber sleeve against base. Base “floats” between rubber 
sleeve and shock cushion. The General Tire & Rubber Ce 





Fig. 5—SEALING FASTENER for moisture and pressure 

sealing has nylon sealing ring held captive in groove on under- 

Fetaining side of stud head. Fabrication requirements similar to fastener 

ung in Fig. 1—two counter sunk holes and large hole in base; 

one dimpled or countersunk hole in panel. Grooved pin 

supplied separately and driven into stud during installation. 
Manadnock M 














Sheor washer 
Pane/---~ 


aa 

















‘ 

















4 
Reciptocle Retaining ring 
Fig. 6—HIGH-STRENGTH FASTENER has 
load capacity up to 3,000 Ib in tension—4,750 
Ib in shear. Stud captivated to panel by retain- 


ing ring. Base drilled and countersunk for 
two rivets and to accurate dimensions in re- 
ceptacle. Special countersink tool available from 
manufacturer for countersinking receptacle. 
Locks or unlocks with quarter turn. Up to 
0.125 in. misalignment and 0.030 take-up 


permissible. Southco Div., South Chester Corporation 


Fig. 7—HIGH-SHEAR FASTENER prevents shift between 
panel and base when carrying shear loads. Shear washer held 
captive to stud with retaining ring installed during panel 
assembly. Hole in base pierced or drilled to outside dimension 
of shear washer using close tolerances. Close fit between washer 
and hole necessary to reduce shifting of panel under shear 
load. Base also requires two countersunk holes for receptacle. 
Locks or unlocks with quarter turn. scovill Manufact 


urine ¢ 
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QUICKLY INSTALLED 
SOUTHCO CAPTIVE 
PANEL SCREWS END 
MISALIGNMENT 
PROBLEM... 


























J 





Simplicity of design contributes to 
clean, distinctive appearance and fast, 
low-cost installation. Stand-off is 
slipped into panel hole and secured by 
flaring. Screw is passed through stand- 
off and made captive by vinyl o-ring. 

“Floating” screw design eliminates 
costly close tolerance manufacture and 
permits easy engagement regardless of 
panel distortion encountered under 


adverse use conditions 


BED 


CR : RETAINING 
SCREW STAND-OFF RING 





























SPECIFICATIONS 
Material: Screw is brass, chrome plated; 
can be supplied in stainless steel. 
O-ring is vinyl plastic. 
Overall length of screw: 15%" 
Depth of screw head: 4" 


Size f! 


SCREW HEAD DIAMETER 





THREAD SIZE 





¥%," VY4-20 
%e" Y-20, 12-24 
Ke" 10-24,10-32 


Length of thread: ¥" 














Screw head is supplied plain, as 
shown, or slotted for screw driver. 


eee eee eee eee eee eeeeeeeeeeeeeeeeeeeee 


SELECT CLOSURE HARDWARE TO IMPROVE 
UTILITY, APPEARANCE, AND TO LOWER COST 


eeereveereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeeeeeeeeee 


PRE-ASSEMBLED 
PAWL ADJUSTS TO 
DESIRED THICKNESS 
AND PRESSURE 


This neat, compact Southco panel and 
door fastener is supplied assembled, re- 
quires but two rivets or bolts for low cost 
installation. It is available in three mod- 
els—large, intermediate and midget 

The unique feature of Southco Paw! 
Fasteners is the fact that, by merely 
turning the knob, the pawl is adjusted 
to a wide range of frame thicknesses 
This assures a tight grip without pre- 
cision setting regardless of variations 
in frame or door dimensions or changes 
that are produced by wear or warping 
of sheets. 

Pressure exerted by the pawl on the 
frame is controlled in the same way, by 
merely turning the knob. Against 
gasketed frames, pressure can be easily 
applied to compress the gasket 





iT os 
b = v- / = 
wl 
SPECIFICATIONS 
Knob: Cadmium or chromium plated 
steel. 
Head Styles: Protruding ribbed or knurled 


knob; flush screw driver 
slotted for large size only. 


EM 

















LARGE INTERMEDIATE | MIDGET 





Knob diameter %_" %" Woe" 
Total width 2%" 1%" 1%" 
Total height 1%" %_" 354," 
Back of panel 

depth 1234" 1%" 
Knob length 1%" 154," 
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i CABINET LATCH 

















One latch fits any grip length or panel 
thickness. Easy to install just slide 
through drilled hole and set-screw fas 
tened clip. Finish is attractive, bright, 
Also furnished 


durable. with screw- 


driver-operated flush head. 


QUARTER-TURN FASTENER 





Spring 
Loading 
Holds 

Ponels 

in 
Compression 








Lion sheets in pla 


with a sure, tight grip. They are quickl 
opened or closed with a 4 turn. St 


Fasteners hold 


and recep 


Meet military specifications. 


tacle float for Casy alignm¢ nt 


AVAILABLE IN SIX HEAD STYLES 























=} | a2\O8 
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| Y% TURN | ADJ. PAWL DOOR RETAINING | ANCHOR 
FASTENERS | FASTENERS | LATCHES SPRINGS NUTS 


RIVETS 
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Designers who specify fasteners realize the many con- 
siderations that enter into cost determination. While ease 
of installation is often the most important feature, other 
factors affect costs. It may be difficult to put a dollar value 
on availability, for example, but serious financial losses do 
occur when production is held up or shipping dates are 
missed because of a slow fastener delivery. Being able to ship 
from stock, as Southco does, helps avoid production delays. 


ELIMINATION OF SPECIAL TOOLS 


== Down time due to special tool 
failure and maintenance of special 
fastening tools are two fastening 
costs which are eliminated by 
Southco Drive Rivets. The only 
tool required is a hammer. . . any 
kind of a hammer. . . claw or ball, 
and size is not important. The 
number of men on a Southco 
riveting job is never limited by the 
number of special tools on hand 
and in working order. 








QUICKLY SET 





To install, Southco Rivets are 
& | placed in drilled hole. The pin is 
then driven witha hammer. Installa- 
tion is complete. No bucking is 
required 
Expanded prongs force parts 
together. Pin is locked securely 
into rivet by displaced metal filling 
unique grooves. Compression 
forces are utilized for greater 
strength, 


NO FINISHING OFF, NO WASTE 
ao 











Impact of hammer seals pin 
neatly in rivet. No part of the 
rivet is cut off and discarded. No 
time-consuming filing, grinding or 
polishing is necessary. No scrap 
to clean up. 


FREE FASTENER HANDBOOK .. . Send for your free copy 


of Fastener Handbook No. 7, just released. Gives complete engineering 


MANY FACTORS CONTRIBUTE TO 
LOW INSTALLED COST 
OF SOUTHCO DRIVE RIVETS... 
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ECONOMICS OF FASTENING 
COVERS FULL CYCLE 

FROM INVENTORY 
REQUIREMENTS TO 
FINISHED PRODUCT 


oeeeeeeeeeneeeeee 


AUTOMATIC “PULL-UP” ACTION 
ASSURES TIGHT JOINT 





ee 
CZZZ ZIZZO 
ASS SS 3 > 














Even when adjacent surfaces are separated, parts are forced 
together by Southco Rivet action, then held tightly in com- 
pression. 


WIDE RANGE OF APPLICATION 
BLIND APPLICATION ‘NEW — 


| 
W | EPA) CRED: 


*TRADE MARK OF 
SOUTH CHESTER CORP 





ACCESS APPUCATION 











Southco Drive Rivets are used to secure metal to metal or 
metal to wood. They are equally adaptable to blind or open 
applications. In each, they are quickly set and grip tightly 
New PLY-HEAD* rivet permits higher loading of ‘‘soft’’ 
materials such as plywood, plastics and composition. 


AVAILABLE IN ALUMINUM 
OR STEEL 


Southco Rivets are supplied in aluminum or cadmium 
plated steel. The aluminum rivets have either cadmium 
plated or stainless steel grooved pins. The steel rivets have 
cadmium plated steel grooved pins 

Standard head designs are Universal or Countersunk 
Full Brazier heads are available in popular sizes. New 
PLY-HEAD rivet rounds out line 

ALUMINUM 





DIAMETERS LENGTHS 


y" %" 2" to'3 
" 

In" to Ya" "to § 

wn " " ‘ 

. 


NOMINAL GRIPS 





s" to % 2" to 
%n" to Ya" " to 


" 





n 
’ 
8 
8 





STEEL 





DIAMETERS 


n " n 
“se Ve" to Vv 
" 


LENGTHS NOMINAL GRIPS 





Ye" to!" 
4%," to yy," 
Yo" to %" 


%" Va" to % 
Y%" Ve" to %" r 




















data on these and many other specialty fasteners. 52 pages, in two colors. 


Write on your letterhead to Southco Division, South Chester 
Corporation, 200 Industrial Highway, Lester, Pa. 


/ 
/ 


/ 
/ 
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/ 
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NEW-a complete line of 
socket screw products 


HOW NYLOK® LOCKS: 


~ 
~ 
= 
“~ 
“~*~ 
~ 
“~ 
~~, 
™~ 
™~ 
~ 


BEFORE ASSEMBLY. The nylon pellet projects slightly beyond male AFTER REMOVAL. “Plastic memory” of pellet has expanded impressed 
threads. When assembled, female threads will be impressed into it. Pellet threads to greater diameter than screw threads. Screw can be used 
locks effectively whether the screw is seated or not. repeatedly. In use, “memory” keeps threads tightly locked 
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self-locking UNBRAKO 
that won't work loose 


They simplify design and 
save production time 
UNBRAKO socket screws are now available 
embodying the Nylok * self-locking principle. : 
Nylok provides a truly practical new solu- 
tion to the problem of making screws 
self-locking. ; 
An UNBRAKO screw with Nylok is a single 
self-locking unit. No auxiliary locking de- 
vices are needed. Just thread the UNBRAKO 
into any tapped hole. Seated or not, it locks 
positively wherever wrenching stops. The 
tough, resilient nylon pellet forces mating 
threads together and holds tight. The screw 
will not shake loose. py 


Socket head cap screws. Standard Socket shoulder screws. Standord 
sizes + Oto 1 in. sizes Ve to % in 





You save production time when you build 
products with self-locking UNBRAKOs. And 


you get greater simplicity in design with less 
bulk and weight. The number of parts you 
must assemble to achieve full locking action 
is reduced to the absolute minimum. Lock- 
washers under screw heads are no longer 
necessary. Costly wiring of cross drilled 
heads is eliminated. So are cotter pins and 
complex multiple set screw installations. 
Self-locking UNBRAKOs are completely re- 

usable. They have uniform locking and 
installation torques—with no galling or seiz- 
ing on mating threads. They successfully 
withstand temperatures from —70° to 250°F. 


And, on properly seated screws, the pellet Socket pressure plugs. Standard Socket set screws. All standard point 
: sizes Vig to 1% in. types. Standard sizes # 0 to 1 in 


acts as a liquid seal. 


Self-locking UNBRAKO socket screws come 
in a complete range of standard sizes and 
materials. See your authorized industrial 
distributor. Technical data and specifica- 
tions are detailed in Bulletin 2193. Write us 
for your copy today. Unbrako Socket Screw 
Division, STANDARD PRESSED STEEL Co., 
Jenkintown 28, Pa. 

*7.M. Reg. U.S. Pat. Off., The Nylok Corporation 
We also manufacture precision titanium fasteners 
Write for free booklet. 
UNBRAKO SOCKET SCREW DIVISION 
STANDARD PRESSED STEEL CO. 
PENNSYLVANIA 


Fiat head socket screws. Standard Button head socket screws. Stond- 


JENKINTOWN sizes #4 to % in. ard sizes # 4to % in. 
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Make sure you get Fasteners HEADED FOR SAVINGS 


Wi oe 





Screws are sometimes like people. If they “lose their heads” 
under pressure — if they turn out to be “softies” if they 
“don't square up,” they are headed for trouble . . . and so is 
your assembly line. 

P-K Self-tapping Screws are headed for savings — not 
only headed, but threaded, pointed, and heat treated with 
the same purpose — to keep assembly lines trouble-free. 


When your design calls for assembly with Self-tapping 
Screws, you can plan on assembly savings up to 50% and 
more over slower, more complicated fastening methods. To 
make sure your planned savings pay off — specify P-K. 


Parker-Kalon Division, General American l'ransportation 
Corporation, Clifton, New Jerse) 


... give 


millions of ® 
PARKER-KALON 


assembly hands 
a head start 


HEX HEAD 


Tipe \ Fo Iie ' Z lipe 4 : 


Type 8 Designation 
SLOTTED OR PHILLIPS HEAD SLOTTED OR PHILLIPS HEAD Type 8 


For fastenings to light gage (.015" For fastenings to light and heavy For fastenings to light and heavy 
° 
to .050°') sheet metals, asbestos goge (.015" to .200") sheet metals, gage sheet metals (.015"' to .200°") 
Vo 
compositions, resin impregnated non-ferrous castings, plastics, resin ond structural steel (.200" to 2 


plywood, wood, etc. The original impregnated plywood, asbestos nen-ferrous castings, plastics, resin 


Sheet Metal Screw. Forms its own compositions, etc. Forms its own impregnated plywood, asbestos 
motching thread os it is turned in matching thread as it is turned in compositions, etc. Forms thread os 


Con be removed and reploced Can be removed ond replaced it is turned in with socket wrench 


Can be removed and replaced 


Stondord screws ore hardened Standord screws ore hardened 
steel. Type 302 (18-8) Stoinless steel. Type 302 (18-8) Stainless 
Steel, non-hardenoble (standard in Steel, non-hardenable (standord in 


Standord screws ore hardened 
steel. Type 302 (18-8), non-horden 
able Stainless Steel, and Type 410, 





some sizes). Type 410 Corrosion- some sizes). Type 410 Corrosion- ee 4c ead 
tant St 

resistont Steel, hordened (specicl resistont Steel, hordened (special - a aaa satecaas - 

wder) 

order). Brass (speciol order order). (special @ . 


Can be furnished on Con be furnished on , Con be furnished on 
special order, quantity special order, quentity > special order, quantity 
permitting. Some vori- ra , permitting. Some vori SP) permitting. Some vari 
ations of the standard } ations of the stondord j + ations of the stondord 
Type A form ore shown. = Type Z form ore shown. Hex Head Type Z form 
ore shown 


- a 
, 
Type A Type Z a Hex Head 
STAPS STAPS Type Z 
STAPS 


The washer illustrated is ao lomi- Since head styles ore some os those - 
Shown with laminated metal and 


noted metal and neoprene rubber of Type A, STAPS with Type Z 
disc, recommended for most oppli- threod form con be furnished. 
cations of Type A Stops. Other Metal bocked neoprene washer is 
types of woshers con be used. recommended 


neoprene rubber disc, recommended 
for most applications. Other types 
of washers con be used 
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P-K° STANDARDS 


PROTECT YOU AGAINST 
THESE AND MANY OTHER 
SYMPTOMS OF SCREWS 
HEADED FOR TROUBLE. 


These symptoms are hard 
to see at a glance, but the 
eflects of 
(parts speilage, 


screw failure 
high rec- 
lamation expense, hidden 
weakness) show up 
quickly in mounting as 
sembly costs and customer 


complaints 


IS HEAD 
UNDERSIZE? 


Ss Wao \ 


ECCENTRIC? 


- 
= 

? 
=> 


7s so ‘ 


} TOO DEEP? 


SELF-TAPPING SCREWS 


toe | -[, j ‘ 


SLOTTED OR PHILLIPS HEAD 


For fastenings to comparatively 
thin sections and bosses in friable 
ond brittle plostics. Five cutting 
flutes distribute pressure evenly, 
permit chips to drop to bottom of 
hole. Coorse threads offer greater 
resistance to stripping ovt 


Type F-Z Screws are made on spe- 
cial order only, quantity permitting 
Con be furnished in plain steel or 
stoinless steel. 


Can be furnished on 
special order, quantity 
permitting. Some vari 
ations of the standard 
Type F-Z are shown 


Type F-Z 
STAPS 
Since head styles ore same as those 
of Type A, STAPS with Type F-Z 
thread form con be furnished 
Metal backed neoprene washer is 
recommended. 





Tipe I > 


SLOTTED OR PHILLIPS HEAD 


For fastenings to ferrous and non 
ferrous castings, bronze or brass 
forgings, heavy gage sheet metols, 
structural steel, plastics, resin im 
pregnoted plywood, etc Cuts 
stondard machine screw thread os 
it is driven. Can be removed and 
replaced 


Standard hardened 
steel. Type 410 Corrosion-resistant 


screws ore 


Steel, hardened, (special order 


Modifications can be 
furnished as needed on 
special order, quantity 
permitting. Some vori 
ations of the standard 
Type F form are shown 


Type F 

STAPS 
Since heod styles are some os 
those of Type A, STAPS with Type 
F thread form can be furnished 
Metal backed neoprene washer is 
recommended. 
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goge sheet metals, plastics, 
Cannot readily be removed 


Stendord screws ore 


Steel, hardened, (special order 


ere shown 


ting 


» 


Shown with 


Type U 
STAPS 


molded 





washer, 
applications of Type 


used. 


For permanent fastenings to ferrous 
ond non-ferrous castings, heovy 


hardened 
steel. Type 410 Corrosion-resistant 


Some vortotions of the 
stondord Type U form 
Modifica- 
tions con be furnished 
as needed on speciol 
order, quantity permit- 


neoprene 
recommended for most 
U STAPS 
Other types of weoshers con be 


% A wy 


” 00 weans 
POP OFF? 


id 
bn 
iS SLOT 
OFF CENTER? 


TOO SHALLOW? Ves 


THE LEADING CHOICE FOR METAL 
AND PLASTIC FASTENING ECONOMY 


HEAD STYLES 
Types A, Z, F, and F-Z are avail 


able with any of these commonly 
ROUND, BIND 
ING, STOVE, FLAT, OVAL, HEX 


used head styles 


FINISHES 

Standard plated finishes are Zinc, 
Brass, Nickel, Cadmium, or Par- 
kerized. Other finishes on special 


order. 


STAPS 


ore P-K Fasteners with pre-assem- 
They 


have many applications for effec- 


bled neoprene washers 


tive. control of leaks, squeoks 
electrolysis and crazing in enam 
eled surfaces. Furnished to special 


order, quantity permitting. 


TYPE 21 


A Drive Screw for ~ 
fastening fibre, 
leather, fabric, 
cardboard, etc., to 
sheet metal. For 
permanent fasten- 


ings. 





5 Simmons Fasteners offer 


Economy - Quick installation - Flexibility of design - 


Whatever your application, Simmons Fasteners will fill your needs. 
Leading manufacturers are using Simmons Fasteners with perfect re- 


sults in a wide range of products. 








QUICK-LOCK 


Millions in use on weather-tight lighting units, battery chargers, truck heaters, 
engine cowlings, access panels and doors, radio equipment covers, gas tank 


covers, map and data cases, transmitter cases, voltage regulators... 


Easy to install, QUICK-LOCK is ideal for assembling removable panels and access doors. 
A 90° turn locks it in place. Stud is self-ejecting when unlocked; visual inspection shows 
whether fastener is locked. Spring loading takes initial load; solid supports carry in- 


creased load. Available in various sizes with choice of stud and receptacle types. 








a al 


PE) TTS 








SPRING-LOCK 


The perfect, proved fastener in such applications as removable covers and 


panels on electric and electronic equipment, railroad locomotives and diesels, 


all sheet-metal automobile parts, shipboard equipment, home appliances... 


SPRING-LOCK, one-piece fastener for blind holes, has load-carrying steel spring wire. 
Spring steel arms lock it securely, prevent loosening under vibration. SPRING-LOCK 


is self-adjusting for various material thickness, locks with a twist of the wrist. 


Plastic SPRING-LOCK Shelf Supports, with the strong “heart of steel,” 
are available in your specified color...used by all major appliance manu- 
facturers to cut costs, speed production, simplify servicing in refrigerators, 


ranges. Custom molded to your design requirements. 











ROTO-LOCK 


Ideal for portable Arctic region shelters, partitions, cabinets, built-ins of all 
kinds, desks, tables and other demountable furniture, knock-down shipping 


boxes, demountable refrigeration units, caskets, point-of-sale display assem- 
blies... 


ROTO-LOCK makes butt or right-angle joints easily. Tapered cam design permits secure 
locking even in misaligned or semi-open position. Carries heavy tension and shear loads; 
can be used for air and water-tight seals. Solidly built without springs or delicate mechan- 


ical parts; unaffected by sub-zero temperatures. 
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you every advantage... 


Strength - Positive locking - Smooth fastening action 





LINK-LOCK 


Available in 3 sizes—heavy, medium, light duty. The perfect latching device 
where positive or heavy locking pressures are necessary, and where lock will 
have to withstand rough service. Proved in portable aircraft hangar construc- 


tion, containers, military transit cases, instrument cases... 


The springless latching device for use wherever pre-loaded closure is required. (Also 


spring-loaded. See below.) Impact and drop-resistant, LINK-LOCK provides heavy fasten- 


ge 
New! Spring-Loaded LINK-LOCK ...medium and heavy duty...ideal for less expensive containers where ¢ > 
costs won’t permit precision production. Spring provides take-up to compensate for set in gasketing, irregu @ ; 


larities of sealing surfaces. 


ing pressure and high load-carrying capacity. Excellent for water 


and pressure-tight sealing. Withstands 70-below temperatures 





Nat 2 a a? r EEE. a es 
ESN 5 TN 


DUAL-LOCK 


An absolutely vibration-proof, impact-proof high-load fastener that will not 








accidentally unlock or loosen...ideally suited for demountable structures, 
guided missile assemblies, shipping containers, aircraft cowlings and sheet 


metal guards, and all butt-joint fastening... 


pressure on operating tool. Trigger action of DUAL-LOCK assures full open and closed 


positions. Can be recessed in panels or surface mounted. Withstands 7000-lb. tension, 


l! 
} Double-acting take-up in DUAL-LOCK insures heavy closing pressure with minimum 


and can be readily modified for light load applications 


ee a 





Send today for your copy of the 40-page Simmons 


Fastener catalog, which gives specifications, applications, installation in- 


structions. Samples of all Simmons Fasteners are available. 


SIMMONS 


FASTENER CORPORATION 


1751 North Broadway, Albany 1, New York 
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ational SPECIAL PRODUCTS SERVICE 





Precision parts with closely held tolerances and 
excellent surface finish, like this, can also be 


cold headed more economically and quickly 


Small parts like this can be produced, by cold 
heading, in huge hourly volume and at low 
cost 


Get strength at 


low cost with 


COLD HEADED 
SPECIALS! 


You can make remarkable savings and get better parts 
in many cases by letting us duplicate and improve 
on parts you previously have had machined, cast or 
forged. It’s possible with National cold heading! 
What’s more, we can quickly tell you whether cold 
heading would be an advantage for new designs. 


Here’s how National cold heading reduces unit 
costs ... gives you better parts! 


You save on production costs, because cold heading 
is fast . . . production rates of 50 to 300 pieces per 
minute are common. You don’t pay for waste. Scrap 
loss in cold heading is negligible. You save on cost 
of extra operations, because cold heading eliminates 
them entirely or reduces their number. And most 
secondary operations, when required, can be per- 
formed automatically in mass production. 


Cold heading assures strong, sound parts with 

good finish and excellent resistance to fatigue, 

shear and impact! 

You're sure of strong parts because cold working 

increases the strength of steels and nonferrous metals. 
ed 

\ ational, 


ecxeerseee’ 


_ 


Intricate formations, like this, difficult or too 


costly by other methods, become routine pro- 
if 


duction in the cold heading process 


Subsequent heat-treatment or hardening can produce 
practically any degree of physical properties you 
desire. 

You're sure of sound, clean parts because any defects, 
such as seams and inclusions, will open up in cold 
working . . . resulting in automatic rejection. 

You’re sure of superior fatigue, shear and impact 
resistance because cold heading produces continuous, 
unbroken flow lines in the grain of the metal... 
impossible to obtain by any other method. 

You're sure of good surface finish, with a maximum 
of 50 micro-inch on cold headed surfaces. Cold head- 
ing won't cut or break the specially prepared, smooth, 
compressed and toughened surface of the rod. 

National’s cold heading specialists have many 
years of design and production experience. Combined 
with National’s tremendous facilities for cold head- 
ing and secondary operations, this assures you of 
outstanding work and help in design and production 
of your parts. 

Write for National’s booklet, Special Producis. 
To learn more about what National cold heading 
can do for you, send us your specifications or call 
in your nearest National representative. 


THE NATIONAL SCREW & MFG. CO. - CLEVELAND 4, OHIO 
District Sales Offices: Chicago, Cincinnati, Detroit, New York and Philadelphia. 





Sales Representatives in: Boston; Dallas; Denver; Greensboro, North Carolina; Kansas City, Missouri; Lansing, 
Michigan; Rochester, New York; Memphis; Milwaukee; St. Louis; St. Paul; Montgomery, Pennsylvania; San Francisco; 
Portland, Oregon; Indianapolis, 
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FASTENING SPECIALTIES BY Nezion0/ 


Get more dependable holding 
power for better product assembly with these 


National SPECIALTY FASTENERS! 


Lok-Thred® Bolts, Studs, Screws—Seal Welding Fasteners and Weldnuts—Provide 
and lock against involuntary loosening .. . trouble-free assembly of fabricated metal 
Lok-Thred re-forms the metal of the receiving parts... Use National welding fasteners when 
thread under high compressive stresses into primary fasteners must be cleanly welded into 
intimate contact with itself, eliminating all exact position. National's complete line of 
voids. Yet, it’s fully re-usable. Requires no projection welding screws and nuts is available 
selective fits. Can be used with ordinary tools. in stock sizes, for optimum welds in materials 
Available in all sizes of bolts, studs, screws. .. .030 to 14” thick. We will develop special 
No. 6 or larger. designs for you. 


Spin-Lock® Fasteners—Give you strength 
at low cost, with self-locking, ratchet-tooth 
action . . . Spin-Lock machine and tapping 
screws have angled teeth to permit fast, easy 
tightening. They require about 20% greater 
torque to loosen. Available in pan, truss, flat 
and hex heads; slotted or Phillips recessed 
heads; No. 4 to 4,” diameters, lengths from 
twice diameter and up. 


Flex-Head® Locking Screws—Self-locking, 
highly resistant to fatigue, shock, impact... 
Tight locking results from flexing of the head 
and axial spring tension produced when fully 
torqued against a rigid seat. Flex-Head screws 
are identical in dimension, and interchangeable 
with standard machine screws. Made of 1022 
steel and heat-treated for top strength. 


Thread Cutting Screws—For joining metals Tuff-Tite® Cushioned Fasteners—Seal 
or plastics without tapping . .. Use wherever openings, eliminate vibration noises, ab- 
it is desirable to remove rather than displace sorb shock... Pre-assembled neoprene wash- 
thread material. Four types: 1, 23, 25, and F ers also prevent finish marring! Available as 
cover most applications. Phillips or slotted tapping screws, thread cutting screws, machine 
heads, all styles, all sizes. Also type A and B screws, roofing bolts, stove bolts, or wood 
tapping screws for fastening light sheet steel or screws; with Phillips or slotted heads; pan, 
light gauges of other metals. round, truss or hex head styles. 


Lock Nuts—Three types, to meet every Place® Bolts—Self-locking...resist impact, 
requirement... 1. Huglock, for locking with- shock and fatigue failure by controlled 
out seating and under adverse conditions. spring action of reinforced, diaphragm 
2. Marsden, free-running until seated . . . for head... Place bolts resist involuntary loosening 
minimum-cost locking. 3. Drake, a two-piece when rigidly seated. Typical uses: connecting 
design for use under severe stresses, shock, rod bolts, main bearing cap screws, flywheel 
vibration. All types are all-metal, fully re-usable bolts. Available in high carbon or alloy steel, 
without loss of positive locking action. in a wide range of sizes. 





Save yourself time and trouble in searching for the right fastener. Make National your one source for 
standards, specialties and special designs. Our standard line includes all types and sizes . . . nuts, cap 
and set screws, machine bolts, carriage, step and elevator bolts, plow bolts; Phillips recessed head, or 
slotted, Sems, machine screws, wood screws; stove bolts, pipe plugs, cotter pins and rivets. 

National can supply any nonstandard fastener, or design and produce specials for you. Write for 
National’s Special Products booklet, or for information on the fastening specialty that interests you. 


THE NATIONAL SCREW & MFG. CO. * CLEVELAND 4, OHIO 





| 
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€&) 


| 
4 


Product Engineering — Mid-October, !957 





LOCKBOLTS' 


Locking 
Grooves ——» ; 


Breakneck—» 
Groove 


il 


Hl 


‘MN 


Pull 
Grooves —» 


| 


Button head 90° counter- 


sunk head 


Brazier head 


Townsend lockbolts are designed to replace hot or cold driven 
conventional rivets, bolts, welds, and almost any other type 
of fastener. They are suitable for use in building new equip- 
ment or for repair. 


ADVANTAGES: 
1. Increased production—high driving speed. 
2. Simplicity of operation—no special training required 
to produce uniformly tight joints. 
3. Reduction in work force—can be installed by one 
man. 
4. Vibration-proof—collar is permanently swaged into 
locking grooves of pin. 
5. High clinching action—pulls work together with 
greater uniformity than highly torqued bolt. 
6. Strong joints—high shear and tension values provide 
great rigidity. 
7. High resistance to fatigue—results from high tensile 
preload. 
8. Uniformly good appearance—no wrenching or buck- 
ing marks. 
9. Minimum inspection—the lock bolt can only be in- 
stalled correctly since operation cycle cannot be altered 
by human error. 
Noise greatly reduced— installed with quiet pneu- 
matic guns. 


HOW THEY WORK 


10. 

















SS 

















Pin is inserted into the hole and collar placed on pin tail. 
Gun then engages pull grooves and draws material together. 
Collar is sweged into locking grooves, the pin tail then is 
broken off at breakneck groove. Action takes place in the 
time it takes to pull trigger. 

Townsend loc kbolts are available in steel and aluminum 
alloy, in 35", 4", 6"; 34" and %” diameters, in grip lengths 
up to 2” in brazier, button and 90° countersunk head styles. 
For complete data, write for Bulletin TL101a. 


*Licensed under Huck patents RE22,792; 2,114,493; 
2,531,048 ; 2,531,049 and 2,754,703 


2,527,307; 


- 
| 


—m., 


| 


100° CSK 
self-plugging 


a | ‘ 4 
Modified 
truss 
pull-thru 


Versa-Rivet Cherry 
Universal Universal 
self-plugging self-plugging 


Cherry 
Universal 
pull-thru 


100° CSK 
pull-thru 


Townsend blind rivets are installed by one man from one 
side of the work and are used extensively in blind and limited 
clearance applications. They provide a strong fastening 
method for a wide variety of products. 


ADVANTAGES: 

1. Reduce costs—installed by one man, no bucking. 

2. Speed production— install 800 to 1600 rivets per hour 
—assembly simplified by minimum of installation steps— 
generous hole size tolerance allows fastest possible pro- 
duction. 

Improve products—allow for flexibility of design 
assembly. 


Reduce material spoilage—set by pulling action— 

no marring of surfaces—reduces possibility of damage to 

plastics or other brittle or soft material. 

Strong joints—unusually broad shank expansion fills 

hole—high stress values and vibration resistance—resist 

stress changes and joint fatigue—high clinch—strength 

comparable to solid rivets. 

Simple tooling — reduces down time— manually operated 

and power guns easy to maintain—noise reduced by 

quiet guns. 

Broad range of types and sizes—full standard line 

to fit most requirements—many specials—exceptional 
material thickness tolerances reduce inventories. 


HOW THEY WORK 
Versa-Rivet — Patented, trouble-free gun pulling head engages 
the rivet stem, pulls it into the shank which expands to fill 
the hole. Head on blind side is formed as controlled gun 
stroke pulls stem entirely into rivet. Properly set rivet is 
indicated by the amount of pulling stem protruding above 
head. Stem is trimmed off. 

Cherry self-plugging—Patented, trouble-free gun pulling 
head engages the rivet stem, pulls it into the hollow shank, 
fills the hole, upsets the end on the blind side—stem fractures 
at notch and is then trimmed. 

Pull-thru—Same action as self-plugging rivet except after 
clinching sheets, the head forming portion of the stem col- 
lapses and pulls all the way through the shank, expanding 
rivet to fill hole. 

Townsend blind rivets, are available in steel, 
alloy, Monel, copper, in *@”, 44", °9", *", 4” and %%»" diameters 
in grip lengths up to 54", in universal, 100° countersunk and 
modified truss head styles. For complete data, write for 
bulletin TL124. 


and 


aluminum 


tPatents issued and pending 


Ask for a demonstration at your desk 


Townsend Company 
NEW BRIGHTON, PA. 


Manufacturers of Tubular Rivets—Solid Rivets—Nylok Locknuts—Tapping Screws —Tuff-Tite® Screws—Special Cold-Formed Products. 
Division Offices: Chicago + Cleveland + Detroit + Philadelphia + Santa Ana, Cal. 
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Cyverlock lock fasteners 


AUTOMOBILES 
TIGHT ! 


Fast-handling Everlock Sems with com- 
bination internal-external lock washers 
proved the perfect answer for this intake 
air filter fastening one of many 


automotive applications 


ELECTRICAL 
EQUIPMENT TIGHT! 


Everlock external and internal lock 
washers enable this temperature control 
to laugh at vibration. Any product that 
must be tight to be right needs Everlock. 


APPLIANCES 
TIGHT! 


This motor will never loosen thanks to 
Everlock internal lock washer’s 2-way bite 
Vibration actually makes these amazing 
fasteners gr p t ghter 


2-way bite 
locks assemblies 





Nothing else holds like an Everlock 
Each angled tooth has two chisel 
into the work the other into ¢ 
teeth are pra n set. The 

Everlock Sems 


bites in, ¢ »p and bott 


unbreakable hold. Vibration, consta 


the point 
Everlock Lock Nuts 


actually tighten Everlock’s bulldog 


Everlock 


lock Washers ‘ For the best in fast-handling 


nuts and terminals, your spec 


Fast delivery on all sizes, ty; 


Another Product 


THOMPSON-BREMER & CO. 
520 N. Dearborn Street + Chicago 10, Illinois 


INDUSTRIAL FASTENERS Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 


Everlock Terminals 


EVERLOCK 


REPRESENTATIVES 


J. J. Mcintosh 
Atlanta, Georgia 


C. L. Martin Sales Corp 


Baldwinsville, N. Y 


Richard C. Dudek 
Beverly Hills, Calif. 
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W. L. Barth, Jr 
Chicago, Illinots 


Scott & Steffen, Inc 
Cleveland, Ohio 


Kenneth D. Delanoy 
Dayton, Ohio 


Sam T. Keller Co 
Detroit, Michigan 


C. W. McNeil, Inc 
Houston, Texas 


D. G. Teeling Co 
Indianapolis, Ind 


Plastic & Metal 
Components 
Boston, Mass 


Thom Lundeen 
Moline, IIlinots 


j. Ramsey Reese, Inc 
New York, N.Y 


Hank Workma 
Pleasure Ridge. Ky 


W. Henry Cordray 
Sales Co 
Philadelphia, Pa 


Howard N. Clark 
Rochester, N. Y 


Forrest Moschner 
St. Louis, Mo 





adhesives 


¥ 


typical formulations for 





number 


principal uses 


characteristics 


color 





approx. 
solids 


base solvent viscosity ~ sy application 





ALT-1105 


Vinyl to Fabric 
leather, paper 


Quick grab, high tack with long tack 
period 


White 


Natural 
Rubber 


29-30/200 
Stormer 


Water 47.1% 8.162 ae 





Sw-525 


General purpose; 
leather to 


Relatively short tack period; 
excellent for bonding great variety 


Synthetic} 505, Ethyl- 10-15” 32.1% 7.90% Brush 


Creamy 
aluminum; sponge Tan Rubber 


to aluminum 


acetate DuPont 


| of materials 


+ 





Brush, 2-way 
activation/- 
heat 
Brush-wet 
stick, heat 
or wet 
activation 


Meta! to plywood 
Viny! to vinyl 


Light 
Amber 


$B-526 Curing type cement; strong bond ee M.E.K | 27.1% 7.19% 





Plastics to wood 
metal; aluminum 
to glass, metal 
lucite to steel 
Buna N to nylon; 
copper foil to 
phenolic lay-ups 


Resistant to most plasticizers Synthetic 


Rubber 


12-14” ieee 
$B-505 Amber M.E.K SuPent 29.74% 7.662 





Biue 
White 


Synthetic 
Rubber 


Brush or silk 
screen 


4-6 a 
SBP-826 Fast drying; cures at 325°F DuPont 20.0% 











*T6-18,000 
Synthetic} 585 Cps 

Rubber Naphtha £5 Spindle 
@ 20 RPM 


Pressure 
sens. mass 
knife 


PSE-675 pa sensitive | | amination applications White 50.0% 






































"Brookfield RVF Model 


special emphasis recently on OR 


*MYLAR is DuPont's registered trademark 
for its brand of polyester film 


Request information on our SB-6300 series for bonding clear or metallized 
mylar film to itself, to each other or to such substrates as vinyl film, vinyl 
coated fabrics, paper, metal, rubber, etc. 


adhesives for SANDWICH PANEL 


CONSTRUCTION 


Request information on our SW-570 series (elastomeric type) for rigid lam- 
inating and sandwich panel construction as well as the vinyl phenolic and 
epoxy types for sandwiches. 


*Trademark of interchemical Corporation 


PRESSURE SENSITIVE 
TRANSFER FILM 


Dowbile-Face 


A new translucent pressure sensitive mass in film form supported by a re- 
lease paper which can be either removed at once, or at a later date, for 
instant bonding of two objects. 


also serving every industry 
with latest developments in 


Rubber, Latex and Resin Cements, 
Pressure Sensitive Cements, 
Flocking Cements, Laminants, Sealants, 
Tie Coats and Resin Emulsions. 


Ask for more information by series number, by prod- 
uct name, or request Angier’s General Folder. 


Information desired with inquiry: 


1. Basic materials involved (supply samples when possible). 2. Serv- 
ice requirements involved such as temperature, stress, toxicity, bond 
strength, use of solvent, color. 3. Assembly requirements, including 
drying time, design and joint needs. 4. Application preference, such 
as spray, dip, grid, knife or brush. 5. Estimated volume needed per 
month. 6. Price limitations. 7. Government specifications or test 
standard, where in force 


ANGIER 
ADHESIVES 


Ansier Aatesives 


Division of Interchemical Corporation 


120 POTTER STREET, CAMBRIDGE 42, MASS. 


Midwestern Plant: Huntington, Indiana ©1957 by Interchemical Corporation 


+ hy 
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21-Year History Set Screw a ob ems 


&RM4fg Co. 














Issue No.12 Bartlett, Illinois EXTRA! 


PECIAL SET SCREWS SAVE 
One Manufacturer *42,000 


Another $35,000 
... and Another SAVED the 


ENTIRE COST OF SET SCREWS . 
These sad i sige Such SAVINGS were made possible 


pushed Dy using special type Setko Set Screw 


Se ae by New Type SET SCREWS like these 


tailu 


| tion set i ner , s ip t im Here are only a few of the more than 
= | a nventory ¢ iction, ¢ } 30 different kinds of Setko Set Screws 
sno you how n \ ; it 

ee ee et eee 2 aie that can save you money. Send for full 








- details; check on coupon below, 
Jesigned (tO sol 


Use coupon bel 


A Score of Manufacturers # Flush-Lok 


Find Hopper-Feeding Pays for Self-Locking Set Screws 
Itself...then goes on SAVING Effect Savings of 25 to 50% 


Manufacturers report that savings from Hop- For use where ‘‘flush” insertion is desired; 
per feeding of various type set screws have made with on undersized slab; can be 
already paid back cost of installing special , set to same holding power as equivalent 
mechanism. Because it requires 1/5 to 1/10 size socket screw, at 25 to 50% less cost. 
former time, eliminates cross-threading, rejects 
mushts, etc. Use on metal or plastic products 1 

Let us send you list of users and arrange for Germe) 
special Hopper-Feeding Demonstration at our 
plant. Or, we will send on loan 16MM, Movie This screw and others can be supplied 
on Setko Hopper-Feeding System 4 with NU-CUP POINT for Greater Holding 

Power 


g 457) 
For Money Saving VY: ws? Saves Money by eliminating costly slip- 


page, cracked screw heads, etc. Proved 


Bu Gap 2 42% Titigher Torques 
Set Screw Ideas Send sharsarAngle! impessisie” | by actucl comparison Test 
Higher ee | tional Wide- 


for New Setko Catalog ‘'21” fasts" eo hoes Ct) 
This 28 page specialized catalog of set screw 


lists and describes every type of standard set 4 M | . F d 
screw { many special types desig to Slotted, Fluted u ti- lute 


and designed 
meet special conditions of vibration, close or Hexa T S lf-T ppl g S tS 
precision setting, resistance to tampering, wipe eC a in e Crews 
chemicals or heat, need for increased holding Cut Costs... Save Taps 
power, etc. Among the special types devel . ... Save Time 
oped by Set Screw & Mfg. Co. which are ; ~~ .; 
described in the new catalog are the new 
Hopper-Fed set screws and the specially de- 
veloped Setko mechanisms to feed automati 
cally both socket and slotted headless set 
screws; Zip-Grip, Off-set, Point-Lok, and 
Flush-Lok self-locking screws; Self-Tapping; 


Nu-Cup; isothermal heat-treated; stainless = = . . 
steel; Super-Tork, Pre-Tork and many others ” Fill Out end Mail Coupon Now. 


C Hopper-Feeding Set Screw & Mfg.Co. '53 Main St., Bartlett, Ilinois 
0 Test Samples 1am interested in Saving Money. Please send me informatio 
(To meet our problem | '" column at left 

described on separate 
sheet.) 


OC) Movie on COMPANY.. 
“Hopper Feeding” 


0 Set Screw Catalog ADDRESS 


= ee ol 
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Additional cutting edges make tapping 
easier, produce better thread. Especially 
good on plastics applications. Complete 
size range includes smaller sizes. For full 
details check “Jewel Case Bulletin’ on 
coupon below. 











MY NAME ‘ POSITION 





For Original Equipment Assembly... 


ONE 


No threading 
stab plain-end 
pipe into factory- 


assembled TW '@) 


Fitt 
Dresser Fitting Tighten end nuts 


AND YOU'RE THROUGH 


Dresser “30-second’ compression fittings 
speed pipe joining! 


Production line assembly of equipment involving piping can be 


speeded up immeasurably with Dresser Fittings because 


No threading, no soldering, no exact alignment of pipe sections 


is require d 


These fittings have resilient rubber gaskets which give vou 

4 £ g 
protec tion against vibration and normal contraction and expansion 
stresses that spring leaks in other joints You get permane ntly 


tight joints every time, yet piping can be quic kly disconnected 


” when you want to service equipment. 
i r Ideal tor fuel coolant ul lines on compressors, pumps he iv\ 
Vs machinery. In fact, Dresser Couplings, Tees and Ells have been 


proved in years of service on all kinds of original equipme nt 


CTAG CG f TTING , ~()™ 
OCTAGONAL bASKET ARMORED —— It’s all explaine d in our catalog 505-R. Write for a copy today. 


END NUT RETAINER GASKET BODY 
< OF >, 
| Ss Ver 


. 


DRESSER, {(|"}})3 


Dresser Manufacturing Division %ey meee” 
30 Fisher Avenue, Bradford, Pennsylvania al 
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STRAIGHT 
FACTS 

ABOUT 
HOLO-KROME 
SOCKET 
SCREWS 


30 seconds to separate fact from fancy! 


FACT 1 Holo-Krome Socket Screws are far 


tougher than you might think. Their 
sockets easily withstand at least 50% 
more torque than can be exerted by a 
hex key in ordinary hand-tightening. 


Power tool tightening is different. 


Then tightening force depends on the 
torque of the driving tool, strength of 
the bit, and the inherent toughness of 
the socket. H-K sockets are guaran- 
teed to give unfailing performance. 


Holo-Krome sockets have sharp hex 


corners, untapered socket walls, sock- 
et depth scientifically proportioned, 
continuous metal fibers reinforcing 
the socket wall. 


Your best insurance against socket screw failure is 
H-K’s exclusive forging method. For the toughest in 
socket screws—and hex keys—look to Holo-Krome! 


HOLO-KROME 


THE HOLO-KROME SCREW CORP., HARTFORD 10, CONN. 


Sold only through authorized Holo-Krome distributors 


ELPEhPAaAC*PA 
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REPLACING A GROOVED PIN... 
in this application, Rollpin 
serves as a stop pinina 
ratchet wrench adaptor. With 
its light weight and high shear 
strength, Rolipin functions 
perfectly . . . cuts assembly 
costs. 


W 


REPLACING A KEY... Rollpin 
demonstrates its ability to do 
away with precision toler- 
ances, in this heating system 
damper arm. Faster, cheaper 
and more satisfactory than 
previous assemblies. 


eee ee eee eo 8 8 8 @ 


REPLACING A RIVET SHAFT... 
Rollpin serves as an axle for 
the sparkwheel of a cigarette 
lighter. No riveting or thread- 
ing necessary . . . faster as- 
sembly. Note flush, clean fit. 


REPLACING A COTTER PIN... 
Rollpin assembly time is 
shorter, service life ten times 
longer. Vibration-proof flush 
fit. Easily removable. 


REPLACING A SET SCREW... . to 
fasten automobile brake han- 
dle a short length Rollpin is 
self-retained in the hand grip 
but can easily be driven into 
over-drilled hole in shaft for 
simple handle removal. 


REPLACING A CLEVIS PIN... here 
Rollpin holds firmly in clevis, 
permits free action of moving 
member. Rollpin application 
shown is the plate of a home 
workshop tool. 


REPLACING TAPER PINS . . . in 
the assembly of precision dif- 
ferentials eliminated cost of 
taper pin reamers and the en- 
tire reaming operation. Roll- 
pin costs less than a taper pin 
and installation is cheaper. 
They remove easily. 


! 
| 





REPLACING A HEADED PIN .. . in 
this hinge pin application, 
Rollpin is simply and inexpen- 
sively driven in place, greatly 
reducing assembly costs. Con- 
stant spring tension holds 
Rollpin firmly in place... 
eliminates loosening of hinge 
due to wear. 


REPLACING AHUB ONAGEAR... 
Rollpin, self-retained in shaft, 
is simply snapped into mold- 
ed slot to position sintered 
gear. This application, by an 
office equipment manufac- 
turer, effects major savings in 
assembly. Rollpin’s high shear 
strength is particularly valu- 
able here. 


REPLACING A DOWEL PIN... 
Rollpin is used here to pre- 
vent rotation of a thrust bear- 
ing. No reaming, no special 
locking. Easily removed. 
Lowest possible dowel pin 
cost. 


REPLACING A BOLT AND NUT... 
Rollpins act as fasteners and 
pivots for the linkages in this 
electric welder. Rollpins may 
be used with a free fit in outer 
or inner members depending 
upon product design require- 
ments. 


REPLACING A RIVET. . . Rollpin 
serves as guide shaft for 
spring-loaded electrical inter- 
lock contacts: This electrical 
equipment manufacturer re- 
ports that rivet failure pre- 
viously occurred at the 
clinched end under normal 
yperating impact and vibra- 








WHERE CAN YOU USE 
THIS SIMPLE FASTENER? 


—————— 


Rollpin is the slotted tubular steel pin with chamfered ends 
that is cutting production and maintenance costs in every class 
of industry. 

Drives easily into standard holes, compressing as driven. 
Spring action locks it in place—regardless of impact loading, 
stress reversals or severe vibration. Rollpin is readily remov- 
able and can be re-used in the same hole. Made in carbon steel, 
stainless steel and beryllium copper. Write for samples and 
information, ELASTIC STOP NUT CORPORATION OF AMERICA, 
2330 Vauxhall Road, Dept. R 47-PE Union, New Jersey. 








ELASTIC STOP NUT CORPORATION OF AMERICA & 


2330 VAUXHALL ROAD, UNION, NEW JERSEY 





Ten fastening problems solved by ELASTIC STOP nuts 


Spring-mounte d connec- 


= ; tions or dynamic balancing, 
Vibration and impact proof 


bolted connections in 
standard applications. 


where nut must stay put 
yet be easily adjusted. 
Flanged face eliminates 
need for extra washers. ) 
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TIGHTENED AGAINST THE WORK 


FOR MANY SPECIAL FUNCTIONS 


On all electrical terminals 
subjected to vibration in 
transit or operation, and for 





any electrical or electronic 
assembly where positive 
contact must be main- 
tained. 


To seal bolt threads where 
leakage past stud threads 
must be prevented. 


Blind fastening applica- 
tions where nut is 
“clinched” into sheet metal 
... becoming self-retaining 
as well as self-locking. 


To eliminate drilling and 
tapping and provide steel 
thread strength for soft 
metals, an ESNA spline nut 
is pressed into a bored hole 
in casting. 





Simplified self-aligning 
self-locking fastener for 
bolting two non-parallel 
surfaces. 
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On make and break adjust- 
ment studs where accurate 
contact gaps must be main- 
tained. Note “thin” height 


design for limited clear- 





ance 


For bolted connections re- 
quiring predetermined 


For rubber-insulated and 
cushion mountings where 
the nut must not work up 
or down. 








HOW THESE NUTS SOLVE SO MANY 
FASTENING PROBLEMS, ELIMINATING 
EXTRA PARTS AND OPERATIONS... 


The red locking collar of an ELASTIC STOP® nut grips bolt 
threads with a perfect fit that will not loosen under severe 
vibration or stress reversals, and seals against liquid seep- 
age. By bringing nut and bolt metal thread flanks into firm 
contact it eliminates wear producing axial play. The elastic 
locking action of the insert-type stop nut does not distort or 
gall bolt threads. It is reusable many times. 

Send for the following free information: Elastic Stop nut 
bulletin; Rollpin® bulletin. Or enclose a drawing of your 
product for specific self-locking fastener recommendations. 
Write to Dept. N30. PE. 








cs 
ELASTIC STOP NUT CORPORATION OF AMERICA A! 
2330 VAUXHALL ROAD, UNION, NEW JERSEY 





RIVETS 


It is sometimes diff 
that the 


proper 


LOWER oe Ee 
FASTENER 
cosT 


with 

JOB -DESIGNED 
COLD HEADED 
PARTS and 
FASTENERS 








DESIGNED 
shoulder 


have 








+ 9 
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rt 


Manufacture of Ti telalelelaeib 4-16) 


<wmmet)| of) 
3 


specials would be an apt de 
scription of HASSALL products in 
this field. Many of the nails were 
JOB-DESIGNED for oa specific 
application but universal accept 


of 


ance of their extremely functiona 
advantages has put them in the 
alelalelelae MEG (eI Sihilaelitely) 
what The most important consideration 
we can point out to the designer or pur- 
chaser of fasteners and small parts is that 
any part which can be machined from rod 
stock is also potentially available from the 
cold heading manufacturer. This technique 
offers speed of production, without scrap 
loss, plus superior strength and appearance 
for low cost and high design efficiency. 
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S 
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THREADED 
PARTS 


There is a wide scope of design 


") 


why The designer need not be restricted 
to standard fastener sizes when they do 
not meet the requirements of his application. 
It is often much less expensive to specify a 
rivet, nail or screw to meet the task exactly 
as the application requires, than it is to 
compromise its function for the sake of 
standards’. In this regard, we offer the 
equally important advantages of flexibility 
according to our customers’ design changes 
and production by high speed, quantity 
techniques. While the really spectacular 
advantages in cost show up in runs of sev- 


eral thousand pieces, we are also able to > ‘elelei-ja= 


take care of your short run requirements, 
We welcome and expect manufacturers to r HEADING 

come to us for advice and assistance con- The old saying, “Two Heads are 
cerning their fastener problems, Better Than One", may well 


possibilities available when your 
fastener or port is threaded 
fluted, or knurled by the high 
speed cold rolling technique. The 
strength choracteristics of the 
port are not pénoalized in this 
process as in the case of cutting 


the surface grain by machining 








apply to your port or fastener 
how Given complete specifications, includ- se chan ebm 
ing a drawing and an idea of the applica- 
tion, we can quickly tell you whether or not speciecuier for obvious fensons 
it will be advantageous to have your fas- A glance at the illustration may 
tener or part JOB-DESIGNED by HASSALL. i bring to mind possibilities for 
The remaining important aspect of our ‘ parts you have considered prev 

service to you is the ability to get into pro- ously only for screw machining 
duction quickly and make prompt shipment 





ing from bar stock are often 





SINCE 185 





Manufactured by SPECIAL WAILS RIVETS SCREWS 


JOHN Hassa i i INC. 


Send today for your copy of our new booklet ‘What P.O. Box 2216 
the Designer Should Know About Cold Heading”. Westbury, 
Long Isiand, N. Y. 
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B.F.Goodrich Rivnut fastens thin metal 
and provides 6 threads...in 6 seconds! 


Rivnut is threaded onto pull- Rivnut is inserted—head held Tool lever operates pull-up 4 After 


up stud of heading tool firmly against work. stud, forms bulge in Rivnut 


Easy way to cut assembly time and costs 


Rivnuts, the only one-piece b! 





SAVE TIME ON FASTENING JOBS LIKE THESE, con be installed bby one pence 
WITH B. F. GOODRICH RIVNUTS. work—in seconds. Easy install 


of assembly time, reduces production 





also improve the appearance of a pri 
REPLACES BRAZED NUT PLATE : 
easier to use and service. 
Rivnuts with closed ends are 
installed in one-tenth the time Rivnuts are made in a variety of size 

it took to braze nut plates on to solve almost any fastening prob! 
reservoir tanks. Leaking, ’ 
ar dependable seals that resist vibrati 

ng and thread cleaning 

liminated, and spacer head can assemble and disasse mble 
S proper positioning of you like without stripping the 
tank on support bracket 
them after enameling without 


B. F. Goodrich Rivnuts have spec 


of fastening jobs. They can do the sa: 





ELIMINATES NUTS AND BOLTS 
One worker installs a Rivnut 

ir leg of a portable 
barbecue in seconds— provides 


a firm, accurate nut plate for SEND NOW FOR FREE 


screw attachment. There are 
no boltheads to detract from RIVNUT DEMONSTRATOR 
the unit's clean lines. Time is 
Demonstrates with motion 
saved, too, in faster knockdown 
for chinpies how Rivnuts fasten ¢o and 
with. Explains construction, 


gives proved applications 
Write to B.F.Goodrich Rivnut 
Dept. DD, Akron, Ohio 





DOES 2 FASTENING JOBS 


Rivnuts provide 6-thread nut 
plate for attachment from 


; = _ either end—or both. In spot ~ 
ao light assem! t replace B.E.Goodrich 
i nan ms soce light assembly, Rivnut replaces UWOOGrIC 

oo ~~ “ awkward welded stud for attach 


ing socket. Plug base is attached 





Aton 


on other side. Result: fewer 


ieee ita tata rtcaceaa cna BEGoodrich Aviation Products 
a division of The B.F.Goodrich Company, Akron, Ohio 
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PALNUT® Lock NUTS and FASTENERS | 


REDUCE 


— PARTS 
— OPERATIONS 
— COSTS 


Spring-tempered steel PALNUT Lock Nuts and Fasteners cost less 


than other lock nuts and locking devices—less than plain nuts, in 


most cases. A single PALNUT replaces two, three, even four fasten- 


ing parts according to application and type used, thus fewer parts to 


buy, stock and assemble. Simplified, high speed assembly is gained 
with PALNUT magnetic sockets, shanks and applicators which pick 
up, start and tighten in one operation. Self-locking spring grip keeps 


parts tight under vibration. Many types and sizes offer savings for 


products in every field. 


\ 
Nec 


REGULAR id 


TYPE 


Self-locking hex nuts securely 
fasten wide range of light 
assemblies. Require only 3 
screw threads. Save weight 
Also used on top of ordinary 
nut for vibration-proof fasten 
ing of assemblies 


~ 
ft 
“ 


\ 
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WASHER TYPE 


One-piece lock nut and flat 
washer replaces ordinary nut, 
lockwasher and flat washer 
Many variations for mechani- 
cal and electrical assemblies 
Available with bonded-in 
plastisol sealer 


SELF-THREADERS 


Form deep, clean threads on 
unthreaded studs, rivets and 
rods while tightening. Save 
threading costs. Provide 
strong, vibration-proof assem- 
blies. Fast assembly with 
standard tools. Remove and 
re-use on same studs. 








ACORN 
TYPE 


Pleasing dome shape covers 
rough screw ends, dresses up 
products, keeps parts tight 
Also semi-acorn type with 
prevailing torque anywhere 
on threads. Very low cost 


* 
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TENSION 
TYPE 


hy) 


Simplifies adjusting screw 
assemblies. Nut is tightened 
once, never touched again 
Use only screwdriver to 
adjust screw. Positive grip 





yy 


PUSHNUTS® for unthreaded 
Studs, rods and rivets. 


Simply push on, they lock with 
powerful grip. Save thread- 
ing, notching, cotter pins. 





WING TYPE 


lock securely when finger 
tightened, stay tight in ser 
vice, easily removed when 
finger released. Cost less than 
ordinary wing nuts 


PALNUT™ 





Write for literature and free samples of any type PALNUT 
Lock Nut, stating application and size. Consult our fastening 
engineers on any assembly problem. 


THE PALNUT COMPANY 


65A Glen Road, Mountainside, N. J. 
Subsidiary of United-Carr Fastener Corp. 


Canada: P_L. Robertson Mfg. Co., Inc., Milton, Ont 


LOCK NUTS 





FASTENERS 


Quick, secure fastening at low cost 





Catalogs 
and 
Bulletins 





To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(S-1) Self-Locking Clinch Nut—Bro- 
chure, 8 pp. Contains specification 
data and describes advantages of re 
duced size and weight of new nut 
The Kaynar Co., Box 2001, Terminal 
Annex, Los Angeles 54, Calif 


(S-2) Stainless Steel Fasteners—C ata 
log, 12 pp. Describes government spec 
ification for aircraft bolts, slotted and 
Phillips machine screws, flat and round 
rivets, and washers. Allmetal Screw 
Products Co., Inc., 821 Stewart Ave., 
Garden City I a 


(S-3) Miniature Socket Screws—Bro- 
chure, 4 pp. Contains data on socket 
head cap and set screws in sizes No 
0 to 3, either in alloy or stainless 
steel. Standard Pressed Steel Co., Box 
545, Jenkinstown, Pa 


(S-4) Fasteners—Brochure 20 pp. Con- 
tains data, diagrams and charts on 
sheet metal nuts. Fastex, 195 Algon- 
quin Rd., Des Plaines, Ill 


(S-5) Set Screws—Catalog 21, 24 pp 
Contains diagrams and charts on self 
locking, headless, socket and self-tap- 
ping screws. Set Screw & Mfg. Co., 
Bartlett, Ill 


(S-6) Self-Tapping and Locking Studs 

Brochure, 4 pp. Contains charts and 
data. Pheoll Mfg. Co., 5700 Roosevelt 
Rd., Chicago 50, Ill 


(S-7) Silver Brazing Preforms—Bro- 
chure, 14 pp. Contains data on flux, 
rings and washers. Lucas Milhaupt 
Engineering Co., 5051 S. Lake D1 
Cudahy, Wis 
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REDESIGN to save 
time and material with 


NATIONAL 


RETAINING RINGS 


OOOO 


Type XSC Type YH Type WA 
(square closed) (external) (annealed) 





pater 


F45 


Type XSO ype XRO 


Type TRC 


(square open) toed open) (rectangular closed) 


Examine the designs of all of your prod- grade rings, fabricated in various metals, 


ucts and machines. No doubt you can use Their uses are varied—ranging from 


retaining rings on axles and in housings— 
not only to save assembly time, but to save 


weight, parts and space. 


Many manufacturers have not only 


creased their profits but have also im- 


proved their products by using these high- 


heavy-duty engines and drill presses to 
toys, gadgets and small parts of articles 


made of metal, wood or plaster. 


Don’t pass up opportunities to increase 
your profits; let our engineers consult 


with you. 


THE NATIONAL LOCK WASHER COMPANY 


NEWARK 5, NEW JERSEY 
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OHIO WELD NUTS 


AS THE PRIMARY FASTENERS IN FASTENER 





ASSEMBLIES MEAN 


LIGHTNING-FAST APPLICATION 


By resistance welding) 


PRIMARY FASTENER 
PERMANENTLY POSITIONED 


(No retapping required) 


SPLIT-SECOND ASSEMBLY 
OF PRODUCT COMPONENTS 


(Made possible by pre-attached 
primary fastener) 





RN NUT OHIO’S newest 
weld nut with pilot and 
dual-line projections. Ideal 
in applications where ten- 
sion is against the weld. 





PN NUT Used where a pilot 
for easy locating, a strong 
weld and space limitations 
are important factors. Ideal 
for use in confined corners, 
flanges and narrow chan- 
nels. 


WS NUT For applications on 
rugged assemblies where it 
is necessary to anchor nut 
securely in blind location. 





RH NUTS Used where it is 
desirable to have the body 
of the nut go through the 
sheet or where extra long 
thread engugement is need- 
ed. 





WF NUTS Used where the 
nut serves a mounting pur- 
pose or greater thread en- 
gagement is required than is 
normally provided by other 
type weld nuts. 


WW NUTS Used where a 
hermetic seal is required to 
prevent leakage of air, gas, 
water or dust on blind loca- 
tions. 





SN NUT Used where assem- 
blies are being spotwelded 
together and a piloted nut 
is required 





ND NUT Used where a large 
nut is needed for bridging 
or joining two sheets or for 
extra strength. 





OVER 50 YEARS OF 


BETTER FASTENING 


SAMPLES AND INFORMATION 
AVAILABLE ON REQUEST 


©) THE OHIO NUT & BOLT CO. 


41 First Avenue e Berea, Ohio 
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PRODUCT DESIGN-ENGINEERS 


Here’s an 
Important 


Let Our Experienced Designers 
Work With You in Creating 
Smart, Modern Hardware... 


Engineered to Cost You Less 


National Lock design engineers are specialists 
in creating distinctive hardware to meet your 
individual requirements. With an extensive 
background in materials and production tech- 
niques, they can help you secure more for your 
dollar investment. These National Lock stylists 
will work independently or in cooperation 
with your own designers. This service covers 
a wide range of items, including zinc die cast, 
aluminum die cast, stampings, plastics in both 
compression and injection molding. Write us 


for full information on how we can serve you. 


all from J/source 


REFRIGERATOR HARDWARE 
CABINET HARDWARE 
STOVE HARDWARE 
FURNITURE TRIM 
BOLTS 
SCREWS 


CASTERS 
KNOBS 


HANDLES 
HINGES 


NATIONAL LOCK COMPANY 


ROCKFORD, ILLINOIS 
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with 
CAMLO CG 
FASTENING 
DEVICES 


Modern product designs, production techniques 
and fabrication requirements demand more speed, 
more accessibility, more versatility in fasteners. In 
the electronics, aircraft, machinery and many 
other industries leading original equipment manu- 
facturers call on Camloc’s engineering department 
for fastener designs that help improve the product, 
decrease its cost and increase its sale. 


ACCESS DOORS 


Specify your needs for fasteners. These and other 
Camloc products offer modern solutions to modern 
design problems. 


q PRINTED CIRCUIT FASTENERS 


This unusual fastener holds 
nted circuit boards in 
ace with pull-out force of 
about 12 pounds. Consists of 
ball stud and two spring 
tempered steel clips. Stud 
») serves as attaching nut 
contact plug mounting 


ELECTRONIC CHASSIS LATCH 
Inexpensive, vibration-proof Chassis 
Latch of attractive design eliminates 
protruding attaching bolts and hole 
preparation Opens and closes 
easily provides leverage to 
overcome frictional loads of > 
multiple contact plugs 


HIGH STRENGTH LATCHES > 
“Specialists For maximum safety and 
ease of operation when 
in fasteners high shear-tension and 
for Industry’’ heavy loads are factors 
Long fatigue life ) 
Gee under loads. Wide 
R) range of strengths vi 
~ FASTENER CORPORATION and sizes fulfills 6 f 
t 


62 Spring Valley Road, Paramus, N. J. a variety of 


requirements 


WEST COAST OFFICE: 5410 WILSHIRE BLVD., LOS ANGELES, CAL. 
SOUTH WEST OFFICE: 2509 W. BERRY ST., FORT WORTH, TEXAS 
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serves yOu 
better with the best! 


There is a Prestole fastener for nearly every application. 
More than likely, one of the thousands of Prestole’s 
standard-design fasteners will do your job. They are 
readily available from factory stock—offer the greatest 
cost savings—can be delivered promptly to meet your 
production schedule. 


Or, if your application calls for a special-type fastener, 
Prestole engineers will gladly analyze your particular 
needs without obligation. These fastener technicians 
will carefully consider the problems of cost, assembly, 
torque and tensile strength, material and end-use re- 
quirements. Their recommendations will be based on 
years of experience and “know-how”’ in the fastener 
field. 


Prestole designs and produces fasteners made from low 
carbon, spring, and stainless steel, phosphor bronze, 
beryllium copper, brass, and aluminum, etc. Many 
standard and special types of finishes can be provided 
to meet customer specifications. 


Whatever the size, shape, or application requirements 
may be —Prestole can serve you better with the best in 
fasteners of ferrous or non-ferrous materials. 





Catalogs and Bulletins continued 


(S-8) Clamps for Plastic Pipe—Cata 
log, 2 pp. gives specifications and 
descriptive data on_ stainless steel 
clamps. Wittek Mfg. Co., 4305-37 W 


24 PAI., Chicago 23, Ill 


(S-9) Quick-Release Pins 
4 pp. Contains charts and data on 


Brochure, 


self-locking units. Aviation Develop- 
ments Inc., Burbank Calif 


Brochure, 


pp. Contains data on a double 


(S-10) Two-Way Lock Nut 
1? 

chamfered nut with the locking power 
in the body of the nut, rather than 
at either crown. MacLean-Fogg Lock 
Nut Co., 5535 N. Wolcott Ave., Chi- 
cago 40, Ill. 


(S-11) Fasteners—Booklet, 14 pp. De- 
scribes pin and stump-type units cover- 
ing 3/16, 144, 5/16 and *% in. nominal 
diameters for each. Huck Mfg. Co., 


2480 Bellevue Ave., Detroit 7, Mich 


(S-12) Snap Couplings—Bulletin 270 
2 pp. Describes quick-connect, quick- 
disconnect unit. Snap-Tite, Inc., Union 
City, Pa 


(S-13) Studs—Booklet, 24 pp. Discus- 
ses stud selection, counterbore and 
countersink dimensions for accommo- 
dating weld fillets, recommended thick- 
nesses of steel on which studs are 
welded, and stud locating procedures 
including template design. Gregory 
Industries, Inc., Lorain, Ohio 

(S-14) Stainless Steel Fastenings 
Catalog 56A, 24 pp. Lists over 7,000 
items including knurled and drilled 
parts, special threading, cross-drilled 
parts, double-end milled parts, dowel 
pins, tapered and grooved parts, cap- 
tive screws, and headed parts. Star 
Stainless Screw Co. 655 Union Blvd., 
Paterson 2, N. J 


(S-15) Standards for Miniature Screw 
Threads 
tentative draft from sectional com- 


Bulletin, 17 pp. Contains a 


mittee Bl on the standardization and 
unification of screw threads. ASME, 
29 W. 39 St.. New York 18, N. Y 


(S-16) Adapters for Tube Fittings — 
Catalog 4360, 12 pp. Contains data 
on straight thread plugs and adapters, 
O-rings for straight thread fittings, and 
steel and brass pipe fittings. Parker 
Appliance Co., 17325 Euclid Ave., 
Cleveland 12, Ohio 
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Cuts fastener costs 37% 
with CHICAGO heat-treated cap screws 


Six %s" bright cap screws were being used for the support plate 
g g PI I 
assembly of this automatic transfer mechanism. CHICAGO’s fas- 
tener specialists showed four °i6” heat-treated cap screws would 3 U I 
me 


do the job more efficiently —eliminating two fasteners and substi- 


tuting a smaller size. -— } , : 
Using heat-treated cap screws here cut total fastener costs 37%! 
a 


And in eliminating two extra fasteners, important additional sav- 
ings were made by reducing machining and assembly time. 
It will pay you to investigate savings for your products with 
these stronger fasteners. In addition to their greater strength, 
CHICAGO heat-treated cap screws provide extra advantages of it pays to 
Carbon Restoration—the special, scientifically controlled process standardize Poval 
which assures superior resistance to fatigue, wear, shock, and 
vibration. Cc ee fey. Ye '@ | 
Your CHICAGO distributor carries large stocks of heat-treated 
cap screws. And he will gladly arrange a study of your particular FASTENERS 


application by our fastener specialists. Call him today. 


THE CHICAGO SCREW COMPANY 


ESTABLISHED 1872 @ DIVISION OF STANDARD SCREW COMPANY 


2701 WASHINGTON BOULEVARD, BELLWOOD, ILLINOIS 
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= SPIROL - the 


old-fashioned \s ing PIN with 


fasteners PERFECT CHAMFER 


» 


se. tt 8 / 
SHA Smt, (nb etiieon! 


Specify A. Smoothly rounded radius 


| where chamfer meets shank 
eases insertion into hole. No 
BANC-LOK j sharp break to “bite” and 


p resist insertion. B. Chamfer 
by BOOTS angle is precisely designed to 
offer minimum thrust resistance 


and maximum compression 
leverage. 


New, self-locking threaded Inserts 
and Tapped Holes. 


Designed primarily for materials too thin 
or too soft to sustain threads. 


BANC-LOK threaded Inserts are ideal for ed ee ee ™ 


blind fastening, economical, reusable are allowed because spiral construc- 


and eliminate extra locking devices. tion permits greater flexibility in 
expansion and compression. The 
wider hole tolerances eliminate pre- 


BANC-LOK Tapped Holes are designed cision reaming requirements, reduce 
for sheet materials too thin to tap. drilling rejects, cut costs 





BANC-LOK Inserts and Tapped Holes re- MINIATURE PINS 

quire no special tools... simply push Spiro. is the only spring type pin 

into round holes. Available in aluminum available in Grae miniature Stemse- 
ers: 140” — .039” — 364” 52” 

alloy, BANC-LOK Inserts may be ordered wong vs : 


Unique spiral cross-section retains 
in any size and material. flexibility and strength in smallest 
sizes. Other standard sizes up to 4” 


Write for samples and catalogue. | % diameter 





AN APPROVED 

SHOCK RESISTANCE 

High resistance to shock and vibra- 
tion permits use of “medium duty” 
SprmRoL pins in a wide variety of 
materials with wide range of bear- 
ing loads. Heavy and light duty 
SprroL pins also available in stock 


NON -HEAT-TREATED METALS can be specified in 


standard Spirot pins for extra corrosion-resistance or conductivity. 
Less resilient metals are usable because stress is evenly distributed 
throughout the spiral cross-section, giving maximum spring action. 


- ; ’ 
BOOTS. x NU], FREE! Write for literature on Spirol Pins. se 
Hhrcrafl, CORPORATION A 
BANC-LOK DIVISION SPIROL PIN 


NEWTOWN TURNPIKE * NORWALK, CONNECTICUT C. E. M. COMPANY « 84 SCHOOL ST. * DANIELSON, CONN. 
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How many of your products employ 


HOW MANY WAY S CAN laborious, old-fashioned fastening meth- 


a ?) ods where simple fasteners could do the 
6 ) , job and cut costs, too? How 
? ; Mh . Vode ONO many parts and sub-assem- 


blies can be adapted to include a self- 
CUT COSTS FOR YOU? 


fastening feature? How many future 
products could be improved by advance 
planning for fastener efficiency? 


United-Carr’s engineering staff offers you a wealth of ex- 
perience in the design of special-purpose fasteners and 
self-fastening devices. Large-scale manufacturing facilities 
(including in-plant plastics molding equipment) ensure 
economical, volume production and prompt deliveries. 
United-Carr field representatives are ready to call on you 
at your request. 


POLYETHYLENE 
MOUNTING FOOT 


No mar, no scratch 
glide for use on TV 
receivers, record 
changers, small ap- 
plionces, etc. Assem- 
bles into round hole 
in wood or metal 
cabinets. 


NYLON SNAP-IN NUT 


Snap 


eltiie 43 Gas Soha. iam THREAD CUTTING FASTENER 


ast eel A \ 
QW 


highly . ~— t t be . > 
eftective electrical RS = key f be \4" studs. 


into square Re-vsable, self-lock- 


hole stomped ovt of ing, vibration-proof 
sheet metal pr , fastener cuts clean, 
vides secure anchor deep threads on un- 
age for any sheet threaded chrome- 


metal or self-top plated studs. Avail- 


ping screw able for s". 1," ond 


insulator 


PLUG BUTTONS 


Snap into 1%" to 3” 


FISHTAIL RATCHET PLATE 


Holds on smooth, 


TRIMOUNT STUDS 


Hold two or more 


dia. holes. Can be 
embossed with orna- 
mental or functional 
designs . . . various 
finishes, shapes and 


sizes. 


V-LOCK TEENUT 


Re able 


die-cast metal or 
plastic studs to an- 
chor name pictes, 
trade marks etc. on 


li rs 





biles, electronic ap- 
poratus, etc. 


6 
14 





thicknesses of mate 
rial together. Easily 
installed by hand. In 
sure vibration proof 
attachment. Perme 
nent or removable 
os a) 


sizes. 


DURABLE DOT FASTENER 


acy 


Snap fastener for 
cloth, leather, plas- 
tics and other mate- 
rials. Positive clo- 
sure, instant release 
Black, nickel or brass 
finish 


CARR FASTENER COMPANY 


Division of United-Carr Fastener Corp., Cambridge 42, Massachusetts 


MAKERS OF 
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PERMA-NUT after 
Setting with a Roll 
Clinch 


i (Za 
= ney 
_, 


PERMA-NUT Flush 
Mounts 2 Parts 


PERMA-NUT Fastens 
2 Parts, Uses Clinch 
for Spacer, Fastens 
3rd Part into Nut 


= 
5 Tubular Rivet 


& STUD COMPANY 
WOLLASTON (QUINCY) 70, MASS. 


MIDWEST OFFICE & WAREHOUSE 


Tub vlar’s 


PERMA-NUT 


1. makes a PERMANENT rivet 


fastening with threaded NUT head 


2. provides convenient and fast 


ASSEMBLY or DISASSEMBLY of parts 


Here's a revolutionary new type of fastener combining 
the permanence of a rivet and the assembly and dis- 
assembly features of a nut. Fastened automatically with 


Tubular’s 
NUTS will save assembly hours and labor 


PERMA- 
- and at 


Automatic Riveting Machines, 


the same time give you these additional advantages: 


function as a rivet, permanently fastening two or 


more parts, making nut available to fasten other parts. 


permanently clinch nut to a single part for fastening 
of other parts. 


prevent loss of nut. 


allow installation of nuts in hard-to-reach locations 
or which become “‘blind”’ after assembly. 


eliminate drilling and tapping certain holes. 


prevent nut from turning — sixteen radial serrations 
bite into part when PERMA-NUT is clinched. 


allow you to realize savings in cost over more expen- 
sive threaded fasteners. 


will not pull out of rivet clinch when properly set — 
clinch is stronger than the threads of nut head. 


Available in steel, brass or 5056 aluminum, PERMA- 
NUTS are supplied in standard thread sizes of: 
3-48NC-2, 4-40NC-2, 5-40NC-2, 6-32NC-2, 8-32NC-2, 
10-24NC-2 and 10-32NF-2. PERMA-NUTS of spe- 
cial sizes or with various kinds of plating can be sup- 
plied to meet special applications. 

Send for sample, design data and specifications of 
standard PERMA-NUTS. If you have an immediate 
fastening problem, call your nearest Tubular Branch 
Office. PERMA-NUTS are now being used for 
vacuum cleaner shields, on protective guards, elec- 
tronic chassis and similar applications. Where fasten- 
ing is required PLUS assembly and disassembly fea- 
tures, PERMA-NUTS can be the answer to your 
problem. 


FASTEN AUTOMATICALLY 
BETTER and FASTER 
with TUBULAR’S RIVETS 
and MACHINES 


CHICAGO 


BRANCH OFFICES: BUFFALO + CHAR TTE 


l 


NASH Lt bd NEW YORK 


AN FRAN 


See your local classified directory for phone numbers 





Catalogs and Bulletins continued 


(S-17) 
ll pp 


SAE Boss 
Contains data on fittings and 


Fittings—C atalog, 
“O” ring adapters. Anchor Coupling 
Co., 325 North Fourth St., 
Libertyville, Ill 


Inc., 


(S-18) 
Brochure 24 pp 


Corrosion-resistant Fastenings 


Contains dia 


grams, data and chart on stainless 


and non-ferrous 
M. Harper Co., Morton Grove, III 


steel fastenings. H 


and Vibration 
Brochure, 4 pp 


(S-19) Fasteners 
Dampeners Con- 


tains data and diagrams on tensile 


and anti-vibration 
characteristics Vibrex 
Mt. Kisco, N. Y 


strength, sealing 
Fastener 


Corp., 


(S-20) Socket 
pp. Describes head cap screws made 
18-8 
stainless steel, in microsizes from No 
Cleveland Cap Screw Co., 
2917 E. 79 ST., 


Screws—Brochure, 4 


of heat treated alloy steel, or 


0 to 3 
Box 545, 
4, Ohio. 


Cleveland 


(S-21) Weld Fasteners and 
Screws 


Adjusting 
Bulletin 563, 6 pp. Contains 

information 
33 First Ave., 


charts and dimensional 
Ohio Nut and Bolt Co., 
Berea, Ohio. 

(S-22) Self-Locking Socket 
Booklet, 16 pp 
trates the Nylok principle 


Screws 


Describes and illus- 


and gives 
examples or applications in which the 
vibration-proof screws can be used to 
lock washers, 
Standard 

Jenkin 


eliminate the need for 
wired heads or other extras 


Steel Co., Box 
town, Pa 


Pressed 545, 


(S-23) 
Contains data and charts on washers, 
screws, nuts and terminals. Shake 
proof, St. Charles Rd., Elgin, Ill 


Fasteners—Brochure, 12 pp 


(S-24) Retaining Rings—Catalog, 20 
pp. Contains data on gapless, two- 
action units 


Inc., St 


turn, coil Thompson 


Products, Louis, Mo 

(S-25) Screw Thread Inserts—Bulle- 
tin 748, 4 pp. Contains data and dia- 
Heli-Coil Corp., 


grams Danbury, 


Conn. 


(S-26) Fastenings 
pp. Contains 


Catalog 26A, 64 


data, illustrations and 
prices of nuts, bolts, screws, rivets and 
cotter pins. H. M. Harper Co., Mor- 


ton Grove, IIl. 
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Cleveland upset forged hexagon head cap 
screws make your assemblies stronger and safer 


Cleveland’s upset torging process puts an extra measure ot 


fastener muscle into your assemblies. The flow lines in every 
hexagon head cap screw follow the contour of the head 
eliminating the planes of weakness along which shear might 
occur under the dynamic stress of heavy impact and vibration 

Cleveland hexagon head Cap screws are manutacture d trom 
a wide variety of steels and in many different tensile strengths 
In most cases, a Cleveland standard will serve as well as a 
special and will be much less expensive. Check the chart at 
the right for the one best suited to vour needs. Then see vour 
local Cleveland distributor. He stocks Cleveland hexagon 
head cap screws in sizes and physical properties to meet the 
most exacting demands of modern machinery design. All 
standard size cap screws in bright and quenched and tempered 
steels are available without delay—alloy steels on short notice 
And remember, your distributor is backed by the most up-to- 
date production facilities and the largest factory stock of 
hexagon head cap screws in the world 


THE CLEVELAND CAP SCREW COMPANY 
em) 4444. 4 Lee Road, Cleveland 28, Ohio 


WAREHOUSES: Chicago * Philadelphia © New York ¢ Loe Angeles 


Product Engineering — Mid-October, 1957 


TENSILE STRENGTHS OF CLEVELAND HEXAGON HEAD CAP SCREWS 





Tensile 


Product Size, in Strength, psi 
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“POP” RIVETS 


can probably save you money... 
Even if your present fasteners are free! 





Greater Design Flexibility 
No need for access to both sides. 


tH 


High Clinching Action 
Exerts as high as 600 pounds 
squeeze between parts. 


_ 


Wide Grip Range 
Same length “POP” Rivet holds 
tight through thick or thin. 


Vibration Proof 
POP" Rivets cannot back out or 
become loose. No lock washers 
or nuts required. 


nn | 


oS, 


Low Head Profile 
Where space is important, 
“POP” Rivets’ minimum head 
height is the answer. 


197 OK 
| 


Less Critical Hole Diameter 
Designer wants holes tight, pro- 
duction wants holes larger. 
“POP” Rivets make both happy. 


[o 


Least Back-Up Space 
Strong, high grip “POP” Rivets 
need only enough back-up 
space to provide room for set 
head. 


G66 


LOWER COST 
THREADED 
SPECIALTIES 


By an exclusive production method, 


When buying fasteners, do you figure 
the installed costs? A fastener 
considered alone may cost very little 
but be very expensive by the time Pawtucket makes lower-cost bolts, 
it’s installed and becomes part of a nuts and studs with very high dimen- 
finished product. sional accuracy, and above-stand- 
“POP” Rivets afford greater flexibility ard strength. In standard sizes, or 
in product design. Often operations 

can be eliminated, assembly costs 
reduced, and speed of fastening increased. 


to order, up to 2” diameter and 
larger. Class 3 fit, if required. All 


, tandard steels, stainless steels, 
Many users find high strength " 


“POP” Rivets the most efficient and brass, bronze, monel metal and 
economical fastener for their product. 


Investigate its use in your application. TITANIUM 


Perhaps you too can enjoy the many 


advantages ‘““POP”’ Rivets have to 
eens PAWTI CET 


“POP” RIVET MANUFACTURING COMPANY 


327 Pine Street 


DIVISION Pawtucket 


UNITED SHOE MACHINERY CORPORATION é Rhode Island 
West Medway, Mass. 
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DUPONT BLIND EXPANSION RIVETS 


¢ Aircraft Type 
¢ Industrial Type 


| du Pont Blind Expansion Rivets 


allow design flexibility that often 
eliminates steps in fabrication. 
These versatile rivets are a real help 
for fastening in blind spots or hard- 
to-reach places. They save time 
and labor on both structural and 
non-structural fastening jobs and 
have proved effective in lowering 
installed fastener costs. Du Pont 
Blind Expansion Rivets often re- 
move design restrictions imposed 
by conventional methods—reduc- 


ing fabrication costs. 


APPLICATION 
These rivets are always set from the 
head side, and no bucking bar is needed 
One operator can readily set Du Pont 
Blind Expansion Rivets at the rate of 
20 to 25 a minute 

All Du Pont Blind Expansion Rivets 
have smooth, finished heads. No after- 
finishing, buffing, trimming, or cutting 
necessary. The shank expands to fill the 


hole completely. 


For complete cat- 
alog information 


about DuPont 


Blind Expansion 
ag Rivets write E. I.- 


du Pont de Nemours & Company (Inc 
Explosives Department, Wilmington 


98, Delaware. 
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UNEXPANDED 


EXPANDED 


Description « Du Pont Blind Expansion Rivets resemble 
ordinary solid rivets with one important difference. Extend 
ing the full length of the rivet shank is a small carefully 
centered cavity containing a tiny chemical charge. Applica 
tion of heat with an inexpensive Du Pont Electric Riveting 


Iron expands the rivet neatly, firmly, and quickly 


AIRCRAFT TYPE INDUSTRIAL 


Alloys 


Sizes 


Both Aircraft and Industri 


sion Riu ets are avatlabil 





DUPONT BLIND EXPANSION RIVETS 


BETTER THINGS FOR BETTER LIVING THROUGH CHEMISTRY 














Willen, Ulla em ieeeedee 
NEG AAGEFr KG 


i \ 


SIIIIT, SIEMIITIIHS 


TIPS ON USING RIVETS 


N 
Ss aay 
“ UUiliitth 
GooD 


MA, ‘Qs 
VM LALLA LL 
retete)s) POOR 


A short design course guaranteed to save a lot of grief later on! 


You could memorize these and thousands more design 
tips on the best use of rivets—but don’t! Much simpler 
to call on Milford for the right answers to all your 
riveting design and application problems. Full-tubular, 
semi-tubular, split, cutlery, decorative—Milford makes 
them all from any metal that can be cold-formed, 
then adds a wide variety of platings and finishes. 


To improve product appearance and strength 
. to take full advantage of automatic assembly 
. to cut delivery time and production costs 


—get in touch with Milford first! 


MILFORD RIVET 
& MACHINE Co. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 


MILFORD 
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(S-27) Fasteners—Catalog, 23 pp 
Contains data and diagrams on spring 
units, studs, pins and grommets 
Fastex, 195 Algonquin Rd., Des 
Plaines, Ill. 


(S-28) Fastenings—Catalog, 24 pp 
Contains illustrations and diagrams of 
screws and bolts 1-8 to 3 in. dia. H 
M. Harper Co., Morton Grove, IIl. 


(S-29) Standards for Stud Welding 
Booklet, 35 pp. Contains diagrams 
and data on studs, pins and tapped 
pads. K S M Products, Inc., Mer- 
chantville 8, N. J. 


(S-30) Nuts—Brochure, 8 pp. Con- 
tains charts and data on units from 
1-4 to 3 in. National Machine Prod- 
ucts Co., Utica, Mich. 


(S-31) Lockwashers—Brochure, 4 pp 
Contains data on stamped spring steel 
units formed from flat strip stock. 
Pioneer Stamped Products Co., P. O 
Box 185, Brighton Station, Rochester 
10, N. Y. 


(S-32) Adhesives, Coatings and Seal- 
ants—Brochure, 8 pp. Contains data 
and charts for bonding metals, wood, 
paper and synthetic materials. Angier 
Adhesives, 120 Potter St., Cambridge 
42, Mass. 


(S-33) Self-Locking Socket Screws 
Booklet, 30 pp. Contains data and 
price list of socket head cap and set 
screws made from alloy or stainless 
steel. Standard Pressed Steel Co., Box 
545, Jenkintown, Pa. 


(S-34) Socket Head Cap Screws—Bro- 
chure, 4 pp. Contains diagrams and 
data on units from 1 1{-8 to 3 in. dia. 
Cleveland Cap Screw Co., Box 545, 
2917 E. 79 St., Cleveland, Ohio 


(S-35) Grooved Fasteners—Catalog, 
24 pp, illustrates and describes lock 
pins, studs and dowels. Tables and 
reference material are included. Driv- 
Lok Pin Co., Sycamore, Ill. 


(S-36) Fasteners—Catalog, 30 pp, has 
atbles showing size ranges and speci- 
fications such as number of threads 
per inch, length, and quantities per 
package for socket head cap screws 
in regular, giant and _ microsizes 
Standard Pressed Steel Co., Box 545, 
Jenkintown, Pa. 
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LOW-TEMPERATURE SILVER 


HIGH-TEMPERATURE 


ALUMINUM 


. 


/ 


a eS 
S > aX, 


- a, 2 


Whatever you require in brazing materials and HIGH-TEMPERATURE BRAZING 
technical help, Handy & Harman is your No. 1 
source. You can rely upon unparalleled experience, 
unequaled knowledge and unlimited help in brazing 
techniques, products and research when you deal 
with Handy & Harman. 
LOW-TEMPERATURE SILVER BRAZING HANDY Hi-Temp FLUX—for us 

other than dry hydrogen, argon or 
HANDY HI-TEmP is usually self-fluxing 


For high-strength bondir 
and other metals with mel 
the flow points of the braz 
HANDY HI-TEMP. 


To meet virtually every low-temperature silver 
brazing requirement, a wide variety of brazing alloys 
are manufactured and distributed, including EAsy- 
FLO 45, EASY-FLO 35, EASY-FLO 3, SIL-Fos and ALUMINUM BRAZING 
SIL-Fos 5 The newest in the Handy & Harman 
HANDY FLUX, as well as Handy special-purpose family is HANDY ALUMIBRAZE. For jo 
fluxes, are manufactured for use with Handy & variety of simple and complex alun 
Harman silver brazing alloys. semblies by salt-bath brazing. 


We have an extensive file of literature on all 

Handy & Harman products. We will be happy Your NO, AMM Source of Supply and Authority on Brazing Alloys 
send you copies o those su jects with ‘ 
which you are concerned ' 


Bulletin 20—EASY-FLO and SIL-FOS ‘= It 

ee oe eee er HANDY & HARMAN 

Bulletin 23—HANDY ALUMIBRAZE > General Offices: 82 Fulton $t., Mew York 38, M.Y. 
DISTRIBUTORS IM PRINCIPAL CITIES 
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what's 
so special 
about 
precision? 


To this little fellow building the 1958 
“dream car”, precision is a bent nail or 
a split board. To modern automotive 
engines and aircraft power plants, PRE- 
CISION is a most important element. 
That is why CHANDLER specialists 
are working harder than ever to supply 
cap screws to closer tolerances to meet 
your new requirements. Chandler is 
producing the finest fasteners today in 
all of its 25 years of experience. Chand- 
ler is specializing in mass production of 
bolts from high alloy steels . . . with 
special heads or threads . . . with drilled 
heads or shanks . . . ground to close tol- 
erances ... and with threads rolled after 
heat treating. 

There is a Chandler cold wrought fas 
tener to meet your specifications. And 
remember, at Chandler . . . there is 
nothing special about PRECISION be- 
cause we do it every day. 


6862-CH 


Write today for 
Bulletin 1264-CH 


HANDLER 


PRODUCTS 
ole) i 10) 7 walel, | 


1497 CHARDON ROAD © CLEVELAND 17, OHIO 
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(S-37) Fastenings—Booklet G20, 12 
pp, covers plating and surface treat- 
ment of hex socket screws and othe! 
products. Allen Mfg. Co. 133 
Sheldon St., Hartford 2, Conn 


(S-38) Blind Rivets—Bulletin TL-118, 
4 pp, has specifications and design 
details of rivets, as well as listing of 
proper guns and heads for applying 
them. Townsend Co., P.O. Box 237-Z, 
New Brighton, Pa 


(S-39) Panel Fasteners—Catalog, 10 
pp, describes three main types of 
quarter-turn fasteners and their ap- 
plications for general, light, or heavy 
duty. Southco Div., S. Chester Corp., 
200 Industrial Highway, Lester, Pa 


(S-40) Large Forged Nuts—Catalog, 
36 pp. Lists specifications and prices 
of large hex nuts, large square nuts 
and large special nuts ranging in size 
from 1% up through 8 in. Dept. P., 
Jos. Dyson & Sons, Inc.. 5125 St 
Clair Ave., Cleveland 3, Ohio 


(S-41) Self-Locking Fasteners—Cat- 
alog 11B, 12 pp. Lists and describes 
self-locking bolts and screws, set 
screws, hex nuts, threaded inserts, 
clinch nuts and cap nuts. Nylok Corp., 
475 Fifth Ave., New York 17, N. Y 


(S-42) Self-Locking Bolts—Brochure, 
6 pp. Contains diagrams, information 
and charts on self locking and sealing 
screws and bolts. Buffalo Bolt Co., 
N. Tonawanda, N. Y 


(S-43) Self-Locking Screws, Bolts and 
Inserts—Catalog 11B, 12 pp. De 
scribes with diagrams and charts self 
locking fasteners. Nylok Corp., E. 14 
St., Elmira Heights, N. Y 


(S-44) Seamless Welding Fittings and 
Flanges—Brochure FB-502, 5 pp 
Described carbon, alloy and stainless 
steel fittings and forged steel flanges 
Babcock & Wilcox Co., Beaver Falls, 


Pa 


(S-45) Detachable Couplers—Bulle- 
tin, 15 pp. Contains specifications and 
diagrams on couplers, fittings, adapt- 
ers and connections. Foster Mfg. Co 
Inc., 2850 Gravois, St. Louis 18, Mo 


(S-46) Fasteners Booklet, 12 pp 
Contains data on 128 special units 
Buffalo Bolt Co., N. Tonawanda, N.Y. 
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hold every 


atone ed facil kill 
vention bac mam acilities, skill, 
by years of spec ial and experience 
research have a os is your assur- 
produced many fasteners ance of consist- 
time - proved , ent perfection in 
proprietary jor every every type 
fastener. 


items. 
purpose 


—o m > There is a V-S 


Fastener of GUARAN- 


—_-- 
; 


CABUCKLE 
TEED STRENGTH to suit a Sa 


need. No ee 


HI-SHEAR RIVETS matter what the re- 


your exact 


ae quirement ... what the 
Bini configuration ... what 


the material... your 


HI-TORQUE BOLTS 
best source for aircraft 
fasteners is VOI- SHAN 


Lil} anannace 
INTERNAL WRENCHING 


ww 
LONG-LOK FASTENERS 


this space reserved 


= | 


SCHWEPPE STUD a : 
— > for new products EXTERNAL WRENCHING 
created by Vor-Shan’s 
inventive leadership. 


LOCKBOLTS 


The most complete ver- 
an eatility in types and 
’ sizes of special fasten- 
; ers plus mastery of a 
multitude of materials 
is yours at VOI-SHAN. 





* 8463 Higuera Street, Culver City, California 


VOI-SHAN MANUFACTURING COMPANY 
Offices in principal cities of the United States and Canada 


A division of PHEOLL MANUFACTURING COMPANY 
Product Engineering — Mid-October, 1957 G71 





THE MOST COMPLETE SOURCE 
ON THE EAST COAST 


7 oP MACHINE ScREWS | 
/ 
% 


COLD HEADED 
PRODUCTS 


eh 


IMMEDIATE DELIVERY 
Catalog on Request 
AUTHORIZED DISTRIBUTORS 


PARKER-KALON 
PRODUCTS 


SHAKEPROOF 
PRODUCTS 





KEYSTONE ¢ BOLT & NUT CORP. 


125-P CHURCH 
NASHVILLE, TENN 


CSTAB 


ST WO 4-4600 NEW YORK 7, 
SALES & WAREHOUSE 919 5th aves ‘souTH 


Catalogs and Bulletins continued 


(S-47) Bolts, Nuts, Screws, Rivets and 
Washers—Catalog, 130 pp. Contains 
diagrams, information and charts on 
assorted metal fasteners. Sterling Bol 
Co., Chicago 10, Ill 


(S-48) Contacts and Rivets—C ataiog, 
4 pp. Describes 300 standard electri- 
cal contacts. Deringer Metallurgical 
Corp., 8131 Monticello Ave., Skokie, 
ll 


(S-49) Retaining Rings—Catalog, 11 
pp. Contains data On open-type rings 
for shafts measuring 1/25 to 1 in., 
internal rings for housings measuring 


“4 to 2 -/16 in. and external rings, 


to fit shafts from 4 to 2% in. Dept. 
, 2 


23, Industrial Retaining Ring Co., 
57 Cordier St., Irvington 11, N. Y 


(S-50) Steel Pipe, Tubing and Welding 
Fittings—Brochure TDC 146A, 4 pp 
Contains data and charts. Babcock & 
Wilcox Co., Beaver Falls, Pa 


(S-51) Gaskets, Shims and Washers 

Catalog. 28 pp. Contains data on 
ring, cylinder head, double jacket 
self-sealing and special types of gas- 
kets. Chicago-Wilcox Mfg. Co., 7701 
South Avalon Ave., Chicago 19, IIL. 


What Fastening Problem CANT You Solve 


1, 2, 3, 4, 5 THREADED STUDS, 
in a number of styles, serve as 
ideal replacements for bolts on 


a wide variety of applications 


TAPPED STUDS, with internal 
threads, are used for hanging 


material such as electrical equip- 


ment, sprinklers and piping 


SHOULDER STUDS, with 
threaded extensions, are 
designed for applications on 
which spacing of components 
is required. 


,9 SETLOK™ STUDS reduce the 
cost of securing metal roofing 
and siding—single skin or 


insulated sandwich walls 


w 


KNOCK-OFF STUDS moke it 
possible to have threaded or 
unthreaded projections as 
short as ‘4 inch. Section above 
groove is broken off after 


welding. in construction, 


, 17 COLLAR STUDS are used 

to secure wireways on ships 
and support refractory mate- 
rials in steel mills. Also used 
os spacers 


“J” BOLT STUDS are used as 


clips to secure rain curtains in 


R. R. passenger car construction 


15 RECTANGULAR STUDS with 
holes offer endless possibilities 
shipbuilding 


and manufacturing 


reinforcing wire or expanded 
metal lath 


POINTED HOOK STUDS cre 


ideal for meat hangers 


STUD WELDED TO PLATE — 
used principally by refineries 
to secure insulation in refrac- 
tory materials in catalytic and 
hydroformer units. 


SLOTTED RECTANGULAR 
STUDS are designed to secure 


EYE-BOLT STUDS are used as 
temporary or permanent han- 
dles in materials handling 
applications. 


hooks for materials handling, 
as rope hooks, etc. 


LAGGING STUDS are used 
with wire to secure block type 
insulation materials; also with 


6 8 


24 BENT STUDS ore used 
mostly as concrete anchors in 


construction. 


BENT STUDS are used as rope 
hooks 


HEADED STUDS cre used as 
shear connectors in composite 
bridge and building construc- 
tion, and serve as handles for 
carrying billets in steel mills 
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sad 
"4 
CENTER LOCK NUT . STANDARD HEXAGON 
NUTS 


All metal, steel, brass or 


4 aluminum. Same dimensions . Steel or Brass 
as standard nuts (both full ia Hea oer ies 
and jam Eliminates nece ’ um ner 
sity for lock washers and “ d Heavy 5 ha 
other " r ac A thru 


locking devices Lock 

on the bolt-seating not nece a. 
GRIPCO FASTENERS sary for locking action. Low 
*% Improve Product Durability * Reduce Assembly Time mn cost——sizes 36 thru 1'/2 GRIPCO 
*% Available From Stock *% Resist Stress and Vibration fine and coarse thread. HI-NUTS 
*% Lower Initial Cost 


The Grip Nut Company, originator o é ripco locking eS 
feature, has had unsurpassed experience in the m exacting iS 
of all fields for the use of locking type nuts—railroad trans ~ 
portation. Grip Nut has been supplying lock nuts to American & ' 
railroads and railroad car builders for over 5O years. All other 

major industries are represented among the regular users of 
Gripco Fasteners. Various t 


GRIPCO PILOT WELD NUTS 
Circular locating collar for easy, quic 

tioning. 3 weld projections for re ean b u matic i. Speeds a 

come by Gripco Fasteners rocking electrical connectic nis i ior ser 4 fa tend 

r without GRIPCO lock tu Siz v ble in s rass and 


4 


pes of working conditions and 


locking feature 
many difficult production problems have been met and over 


from either e 


All items listed are stock items, available for immediate de 
- , " ‘ +e thru K fine and coar 
livery. The Grip Nut Co. will welcome an opportunity t lar thicknesses for different 
work with product designers and production engineers on any 


detail of the application of Gripco Fasteners. Broadly expe- — 
rienced sales and engineering personnel are located in most | 
sections of the country, ready to assist in the solution of f 


n , All listed cataloged 
fastener problems, items are available 
from stock for im- 
Write or phone today for Gripco Fasten- mediate delivery 


ers Catalog, Price Lists and samples. — 


GRIPCO Counter Sunk Weld Nuts 
NUT COMPANY |....002.no 2"...., Sissn omens 
Hexagon Collar fits into hex hole preventing fo 0 reads t molten partic dur- 


nut from turning. One pilot height for each 
ESTABLISHED 11904 size which clinches into normal gauge meta 
ideal for blind applications. Furnished w 
S AND FACTORY Br = = \ I or without GRIPCO locking feature. Sizes 
South W 2 « REPRESENTATIVES LOCATED IN: « #4 thru 59”, fine and coarse thread 

I Lo 
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with NELWELD > \ \ | 


NOST3N —— 


as well as specifications 


These typical Nelson Standard Studs have solved hundreds 
of knotty problems involving hanging, holding or handling. 
NELWELD*" does the job faster, better and usually at far 
less cost. 

With the NELWELD gun a stud is end welded to steel in 
a split-second—and it’s there to stay. No holes to drill or tap 
No leaks to worry about. No through-bolting. Little or no 
warpage. No time-consuming manual arc welding. 

Find out how NELWELD could solve your problem 
increase your production . . . cut your fastening costs . 
improve quality. 

In the coupon, check the stud shapes that interest you. We’ll 
send you specifications and the facts about NELWELD 


stud types checked at left 


Send information about the NELWELD method 


on the 





21 
23 








(am 
Z 














Division of Gregory Industries, Inc., Lorain, Ohio Sroltt slo}e' 





GROOV-PIN 


for Products 
GROOV-PINS 


Press Fit Fasteners 


FASTENERS 


improvement 
TAP-LOK® INSERTS 


For Strong Threaded Connections 


Defy Vibration — Shock 
Reduce Assembly Time and Cost 


No Reaming — No Tapping 


GROOV-PINS The pioneer of all 


fasteners of this type, Groov-Pins are 
locking press fit fasteners which have 
proven their practical usefulness in a 
multitude of applications throughout 
more than 25 years. They hold well 
under conditions of shock and vibra- 
tion, and eliminate the need for special 
hole preparation . .. reaming, peening, 
tapping, milling. Only a straight drilled 
hole is needed. Pins may be driven by 
hand, air cylinder or hydraulic press. 
They are usually cut from cold rolled 
steel (or other metals where conditions 
require) into which longitudinal 
grooves are rolled or pressed to deform 
the pin stock within controlled limits. 
When the pin is forced into a hole, the 
constraining action of the hole wall 
causes displaced material to flow back 
and effect a locking fit within its elastic 
range. 


TAP-LOK INSERTS hese internal- 


ly and externally threaded bushings of 


steel or brass were designed as per- 
manent fasteners to increase thread 
comparatively 


holding strength in 


weak materials .. . aluminum, magne- 
sium, plastics, wood, etc. Their unique 
self-tapping feature substantially re- 
duces assembly time and cost, by elim- 
inating separate tapping operations, 
hole preparation, secondary staking. 
They 


loosening and permit application of 


withstand vibration without 
standard threaded fasteners without 
danger of stripping threads. The in- 
creased shear area obtained allows full 
utilization of the tensile strength of 
threaded fasteners. Used widely as 
original equipment, they are also 
excellent for salvage, and repair of 


stripped threads. 


In accordance with Government Specifications 


GROOV-PIN CORPORATION 


eev *« 
e* ‘* 


1123 Hendricks Causeway 


Representatives in principal cities throughout the U. S. A 


CANADA: Meta nd Wood F 


Ridgefield, New Jersey 


ning Dev c Valois, Montreal 








You really get 
your money's 
worth when 
Ne ) ae 
sion screw ma- 
i ee a 
made by “you 
know W.H.O.*" 


CAP SCREWS © COUPLING BOLTS 
SET SCREWS @ MILLED STUDS 


. our specialty. 


“Wt Getemiler ov: 


YORK, PENNA. 





Catalogs and Bulletins continued 


(S-52) Tube Fittings—Bulletin 3061, 
24 pp. Contains diagrams and data on 
steel and stainless steel units. Imperial 
Brass Mfg. Co., 1200 W Harrison St., 
Chicago 7, IIl. 
(S-53) Epoxy Resin Adhesives 

Booklet, 11 pp. Contains data on 
adhesives for metal 


sandwich 


bonding and 
honeycomb construction 
Minnesota Mining and Mfg. Co., 423 


Piquette Ave., Detroit 2, Mich 


(S-54) Adhesives for Polyester Film 
Bulletin, 7 pp. Contains data on mod- 
ified rubber and vinyl types of ad 
E. I. Du Pont De Nemours 
Wilmington, Del 


hesives 


2 t © 


(S-55) Steel Tube 
48 pp 
hydraulic flareless units. Weatherhead 
Co., 128 W. Washington Blvd., Fort 
Wayne, Ind. 


Fittings 
Contains charts and data on 


( atalog, 


(S-56) Caps and Filler Necks—Bro 
chure, 16 pp. Contains diagrams and 
data on units for fluid tank installa- 
tions. Eaton Mfg. Co., 17877 St. 
Clair Ave., Cleveland 10, Ohio 
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Standard Fasteners 
solve special problems 





Spin-Lock Screws, Nuts 
increase holding power 20% 


Spin-Lock screws and nuts hold tight under conditions of 
vibration or repeated heating and cooling. Their strong 
teeth have a ratchet action on the bearing surface — the 
acute angle permits fast and easy tightening, and the teeth 
actually embed into the seat. The almost vertical face of 
the teeth then resists counter-rotation and loosening. As a 
result, it takes about 20% more torque to loosen a opin- 
Lock than to tighten it. 

Lower cost assembly. Spin-Lock screws or nuts elim 
inate need for washers or external locking devices. They 
allow faster assembly. 

Stronger assembly. Heat treatment gives the teeth 
hardness and toughness. The extra strength permits 
tighter fastening without risk of stripping threads 

Screws are available with hex, pan, truss and flat heads 
Also with Phillips or Clutch recessed heads. See Sweet's 
Product Designers file or write for bulletins on Spin-Lock 
Screws and Nuts. 
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12-POINT BOLTS aa See | 


PLACE BOLTS va 
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Ne | 








AND NUTS | | alah “andi ans 
7 '- | Head with circular in- | nound preassembled to 
These permit applica- | dentation, six slots, | tandard rew Washer 
tion of full driving | end recessed bearlag | doesn't tate an tighter 
torque with 12-point ' surface provides “dia ; *G wr 
socket wrench in less phragm” which flexes  <9g-- a es * na manked ied 
space than needed for when bolt is tightened | ul ad a 
single hex; provide | and helps retain ten arance } (2) between 
more compact assem- ™€ in joint should he ad d ashe (3) be 
blies. Available with bolt return to its ori- > — i a - 





plain or Spin-Lock 





ginal length. 





flanges 












MARSDEN LOCK 
ye NUTS | NUTS TO SPEC. A-194 WELDING FASTENEA 













4 
\ One-piece free spinning This ASTM spe« RB&W tandard 
4 type of lock nut. Sawed Raatinn aawei velding bolts have 
slots and recessed bear ee] nuts fo) HUN welding projec tions 
ing surface permit up : r stud on te f or unde 
per portior to bend | used in high pre neath the head. § 
inward and lock upon sure and/or higl from No. 6 thr 









tightening. Can be re- 
used. Not suitable 
where settling takes 
place, since this would 


temperature nc! Wele 


ce rrade “ Nut Cal als« 
r Bo EHH | ipp ed 


for up to 
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relax the lock-grip 





RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 


Plants at: Port Chester, N.Y.; Coraopolis, Pa.; Rock Falls, lil; 


Los Angeles, Cait “Adana sale ethics o: Ardmore (Phila.), B&W Fasteners—Strong Point of any assembly 





“A challenge to all of us”... 


a statement by Robert B. Anderson, Secretary of the Treasury: 


“The ownership by 40 million citizens of over 41 billion 
dollars in Series E and H Savings Bonds is a striking 
testimonial of confidence in America’s bright future. It 
means security and opportunity for millions of families 
a way to provide for children’s education, the building 
of new homes, or more comfortable retirement. 
‘‘America benefits, too, from such widespread savings 
bonds ownership. This partnership of individual citizens 
in their government’s fiscal operations means better 


management of the public debt—greater stability for 


our money—brighter prospects for the years ahead. 

“Our country needs more savings—in all forms, in- 
cluding U.S. Savings Bonds—to help finance our growing 
economy; to pay for the plants and tools that mean 
more and better jobs for our ever-increasing population. 

“Meeting this need is a challenge to all of us. Americans 
everywhere should be encouraged to regularly put aside 
part of their earnings for future needs. And certainly 
part of that saving belongs in the now better-than-ever 
U.S. Savings Bonds.”’ 


The United States Government does not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 
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USE TIME-SAVING 
COUPONS BELOW 


. .. to request further information on 


all products advertised in this Digest Section 


. - - to request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- If you have specific questions to ask about any 
ning on page 15, when you want product advertised, a letter direct to the manu- 


all available information on a 
particular type of product; this 
Product Index is your guide to all 


facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 


advertisements in this Design Di- service, include reference to PRODUCT ENGI- 
gest Issue by manufacturers of NEERING’s Design Digest Issue, and page num- 
this type of product. ber of the advertisement prompting your letter. 


Circle these numbers for further information about 
advertisers appearing in this section (G) 


G36-7 G38-9 G40-1 G42-3 G44-5 G46 G47 G48 G49 

G50 G51 G52-3 G54 G55 G56 G57 GL58 GRS58 
G59 G60 G61 GL62 GR62 G63 G64 G65 GL66 
GR66 G67 G68 G69 G70 G71 GTL72 GB72-3 GT73 


Circle these numbers for your copy of bulletins 
listed in this section (G) 


$1 $2 $3 $4 
$12 
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NAME 
COMPANY 
BUSINESS ADDRESS 


CITY, STATE 


Circle these numbers for further information about 
advertisers appearing in this section (G) 


G36-7 G38-9 G40-1 G42-3 G44-5 G46 G47 G48 G49 
G50 G51 G52-3 G54 G55 G56 G57 GRS58 
G60 G61 GL62 GR6E2 G63 G64 G65 GL66 

G68 G69 G70 G71 GTL72 GB72-3 GT73 


Circle these numbers for your 
listed in this section (G) 


$1 $2 $3 $4 
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NEW BOOKS 


Motors, Engines and Controls 





Terminal Markings for Electric 
Apparatus. Sponsored by NEMA. 
814 x 11 in., paper-bound, 52 pp. 
tvailable from American Standards 
Assn., Inc., 70 E. 45 St., Neu York 
17, N. Y., or National Electrical 
Manufacturers Assn., 155 E. 44 St., 
New York 17, N. Y. $1. 


this 


NEMA 


fifth edition has been prepared as an 


Under sponsorship, 
American standard on terminal mark- 
This 
proved as an 
May 11, 1956 

The 
general updating of the information 
of the 


ings revised standard was ap 


American standard on 


current revision consists of a 


and a considerable expansion 


material on single-phase motors. It 
presents a system of connections and 
of markings for terminals for electric 
equipment, including generators, mo- 
tors, converters, transformers and 
power control apparatus, together with 
furnished 


the auxiliaries ordinarily 


with such apparatus 
British Standard for Motor starters 
and controllers (B.S. 587:1957). 


Price about $1.15. 


The third revised edition of this 
standard now applies to a wide range 
of different types of hand-operated 
und automatic starters and controllers 
1s used with a-c motors of rated volt- 
age up to 11 kv and d-c motors up to 
650 v. Requirements for resistors and 
auto-transformers and similar equip- 
associated with control 


ment motor 


gear are also included 

Standard ratings are specified on the 
basis of the main mechanical and elec- 
trical duties for which control gear is 
required, and standard sizes of starters 
and controllers are recognized in terms 
of motor horse power 

The 


quirements deal with many aspects of 


design and constructional re 


control gear standards for push buttons 
and indicating lamps, under-voltage 
and overload devices, over-current and 
limits of 
temperature rise for various parts 


breaking capacities, and the 


The type tests include main current 


heating tests, voltage tests on shunt 


coils and electrical and 


G78 


performance 


mechanical endurance tests. The ror 


tine tests comprise a high voltage in 
and tests on resistors 


sulation test 


auto-transformers, voltage coils and 
overload devices 

Additional information on tempera 
ture measurement, clearance and creep 
age distances and resistor ratings, 
switching 


25 hp 


special requirements for 


starters for a-c motors of 1 to 
together with a graphical presentation 
of the times for 


various types of motor starters is given 


maximum starting 


Elastically Mounted Motors and 
Engines. PB 121367, E. Stolte, 
Hannover, Germany. 101% x 8 in., 
paper-bound, 24 pp. Published by 
the U. 8. Dept. of Commerce, Office 
of Technical Services, Washington 
o>,  G. FOTIA 


The tendency in contemporary me- 
chanical engineering, according to this 
report, is toward reducing weight with 
respect to output by increasing revolu- 
tions in an engine, an increase which 
causes intensified engine vibration and 
noise by resonance of the engine hous 
ing. The 
suppression” of noise and concussion 
through the use of rubber-to-metal 
bonding Shock absorption also is at- 
tained with supercritical mountings 


report describes effective 


High Speed Diesel Engines 5) 
Arthur W. Judge. London, 1957; 
Chapman & Hall Limited. (by post 
about $9.00). 53% x 8V in. 578 pp. 


Since the first edition of this book 
appeared in 1933 the diesel engine 
has developed and succeeding editions 
have reviewed the changes which have 
taken place. This, the fifth edition is 
similarly closely related to present-day 
engines and practice, the text describ 
ing current design as well as explain 
ing theory in terms of present-day 
ideas. The combustion process is dis- 
cussed and so are essential topics like 
engine performance and working con- 
ditions, compression, ignition and 
petrol engine comparisons, and super 


The 


with in 


charging. essential mechanisms 


are dealt relation to actual 


machines: treated in this way are fuel 


injection systems, pumps and nozzles 
Many 


] 1] 
described and _ illustrate 


fuel and air filters well-known 


engines are 
by both sectional illustrations and pho 
tographs. The book concludes with 
chapter on fuels, and appendices on 


wear in engine parts and cn super 


charger calculations for diesels 


Generation of Electricity by Wind 
Power by E. W. Golding. 834 x 51 
in., 318 pp. Published 1956 by 
Philosophical Library, Inc., 15 E. 


40 St., New York 16, N. Y. $12. 


In recent years important work has 
been done on the use of wind power 
for the generation of electricity. The 
author of this book has taken promi 
nent part in this work, both in Britain 
and behalf of 
their governments and of the 
Nations and 


in other countries, on 
United 
its specialized agencies 
The book deals with wind surveys 
for the choice of suitable sites, with 
the structure and behavior of the wind 
and with techniques for measuring it 
It also considers in detail the economy 
both 
large public supply networks and to 


of wind power in relation 


isolated premises and communities 
There is also a study of the use of 
wind power through the ages, an ac- 
count of present-day activities, and a 


survey of future prospects 


Electric Motors and Controls. 534 
x 9 in., 278 pp. Published by British 
Electrical Development Assn., 2 


Savoy Hill, London, WC2. $1.25. 


bi »k 


types of a-c and d-c electric 


This describes the various 
motors 
and explains why a particular type is 
chosen when maximum productivity, 
with economy, is required. It reviews 
the applications of electric power in a 
wide range of industries, and indicates 
the best use of the electric motor and 
associated control gear for economy of 
Operation and increase in productivity 
Various types of control equipment, 
functions and uses for semi and auto- 


matic controls are included 
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Characteristics of Electric Motor Braking 
by John C. Ponsting/ 


Characteristics and Advantages of Free Piston Engines 
by A. F. Underwood 


Selecting Motors for Fans and Centrifugal Pumps 
by C. G. Veinoft 


How to Improve Servo Operation 


Design of High-speed Diesel Engine 
by E. Chatterton 


Characteristics of Industrial Switching Devices 


Fractional Horsepower Motors 
by Sidney Davis 


Drivers for Heavy-duty Compressors 


Reluctance Motors for Adjustable Frequency Drivers 
by C. G. Helmick and A. T. Bacheler 


Characteristics of Ramjet Engines 
by Arthur N. Thomas, Jr. 
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ym: Westingnouse Engineer 


Characteristics of electric motor braking 


JOHN C. PONSTINGL, 


S: LECTION of the best braking system 
for a particular application involves 
recognition of the requirements of the 
job, and a fundamental knowledge of 
the basic characteristics of each avail- 
Motor 


speed control, torque control, decel- 


able type braking includes 
eration, and holding at standstill as 
well as complete stopping 

\ braking method may be needed 
to produce a retarding or controlled 
action to maintain a given speed (speed 
control) or condition (torque control) 
In the steel-processing industry, for 
example, braking action (torque or 
tension control) must maintain proper 
tension in the steel strip as it is un- 
wound from the reel 

Another category for braking occurs 
when it is desirable to slow down or 
stop a motor or machine faster than 
the normal stopping permitted by the 
connected motor load. This action 
may also include holding at standstill 
Here a braking system actually adds 
to the existing natural retarding tor- 
ques, which are made up of the load 


and its frictional forces. 


MOTOR BRAKING METHODS 

Braking action is developed essen- 
tially by one of three methods: (1) 
physical (frictional or resistive); (2) 
generating (dynamic and regenerative); 
or (3) counter-torque (plugging). Table 
I shows that each has characteristics 
which best suit it for a particular use 


The physical (frictional or resistive) 
method is usually developed in a de- 
vice coupled to the drive motor, or 
engine, and is considered an external 
braking system. The most significant 
characteristic of this type is that heat- 
ing is not developed in the motor while 
braking. This is particularly applicable 
on machine tools with severe braking 
duty cycles, where additional motor 
heating caused by braking would be 
a limiting factor. Since both stopping 
and holding torque is available with 
shoe brakes, this method is particu- 


H2 


larly suitable for crane and elevator 
applications. Also, most shoe brakes 
afford braking action even on power 
failure, making them fail safe. 

When applying braking 
systems space in addition to that of 


external 


the motor, motor-shaft and coupling 
facilities is needed. Also, the external 
brake mechanism adds to the rotating 


inertia of the motor. 


In the generating braking method (dy- 
namic and regenerative), torques are 
developed within the braking device 
through External braking 
systems falling in this category are 
eddy current and hydraulic. When 


electric drive motors are used, gener- 


rotation. 


ating methods can be applied to the 
motor itself, thus eliminating a cou- 
pled device. This becomes an internal 
braking system. 

[wo fundamental differences exist 
between dynamic and 
braking method: 


regenerative 


e Dynamic braking occurs at mo- 
tor speeds below normal operating 
speed of the motor (synchronous speed 
in a-c motors); regenerative braking 
occurs only at motor speeds above 
normal operating speed of the motor 
The overspeed is caused by either im- 
posing a torque (overhauling load) on 
the motor to speed it up, or by chang- 
ing the normal operating speed, such 
as would occur with a two-speed a-c 
motor. 

e The energy produced by dynamic 
braking is dissipated either in a con- 
nected load such as a resistor or within 
the motor windings. The motor acts 
as a heavily loaded generator. Excita- 
tion must be provided, either from a 
power source or generated within the 
motor. Braking torque disappear at 
low and zero motor speeds. In re- 
generative braking, the motor is al- 
ways connected to the paper system, 
and the power produced in braking is 
returned to the line. 

The generating method is best suited 
for applications where speed or torque 


engineering supervisor, Westinghouse Electric Corp 


regulation is required in certain speed 
ranges, and where a holding action is 
not needed. When used in an internal 
system, no extra space is required at 
the motor or motor shaft for braking 
Although 
ertia to the motor is eliminated, brak- 


equipment additional in- 
ing heat is produced in the motor, so 
that a larger frame motor for a given 
hp rating may be required. Electric 
power, either supplied or self gener- 
ated, is needed during braking 
Counter-torque methods (plugging), 
like generating, are most commonly 
used in internal braking systems. The 
power input leads are reversed or re- 
connected so that torques are devel- 
oped that attempt to rotate the motor 
in the opposite direction. At zero 
speed, the braking torque will accel- 
erate the motor in the opposite direc- 
tion unless removed, since the torque 
exists whether the motor is rotating 
or not. 

[his characteristic is useful in ap- 
plications where a stalled tension is 
required, such as on unwind reels in 
the textile, metal process, or paper 
industries. By proper control, the cor- 
rect amount of braking torque can be 
produced. 

With counter-torque methods, speed 
and torque regulation can be provided 
at any speed range. A speed indicator 
(plugging or zero-speed switch) may 
be required to prevent false motor 
reversal after stopping, or for speed 
sensing. As with generating methods, 
braking action produces heat in the 
motor, so that a large frame motor for 
a given hp rating may be required; 
also, electric power must be available 


during braking operation 


REFERENCE: 

A key to Industrial Progress 
Braking by John ¢ 
ing Supervisor, Consulting and Applica 


Motor 
Ponstingl, Engineer 


tion Engineering, Westinghouse Electric 
Corporation, Cleveland, Ohio. Published 
in the Westinghouse Engineer, September 
1956, p 130-134 
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Table I—Characteristics of Electric Motor Braking 


EXTERNAL BRAKING METHODS 





METHOD 


Friction 
Braking 


Magnetic Particle 
Braking 


Eddy-Current 
Braking 


Hydraulic 
Braking 


BASIC OPERATION 


SPECIAI 
APPLICABLE REQUIREMENTS 
MOTOR TYPES 


ypes None 


TO 


PRODUCE BRAKING 





BRAKING METHODS 





Dynamic Braking by 
A-C Excitation 


Dynamic Braking 
by A-C Excitation 
of Special Winding 


Dynamic Braking 
by Capacitors 


Dynamic Braking by 
a Capacitor Resistor- 
Rectifier Circuit 


Dynamic Braking by 
D-C Excitation 


Dynamic Braking 
with Resistors 


Regenerative 
Braking 


Plugging or 
Counter-torque 


) special 
makes motor 
like a generator 
Capacitor provides ex 


citation so motor oper 


ates like a generator 


Discharge of d-c power 

mn capacitor into 
I makes motor 
operate like a genera 


pplication of d-c pow 
makes motor oper 


a generator 


Motor operates like a 
generator when it runs 
above normal or syn 
chronous speeds and 
pumps power back into 
the line 


Power lines are dis 
rected and recon 
nected to 
motor 


produce a 


reverse torque 


Three 


cage and w 


phase squirrel 


und rotor 


Three 
cage with special wind 
ings 


phase squirrel 


Three-phase and sin 
gle-phase squirrel cage 


Most single-phas« 
types; three 
squirrel-cage 


wound rotor 


phase 
and 


Most 
types; 
squirrel-cage 
wound rotor 


All d-c ty 


citation is maintained 


pes if he ld ex 
a cd © universal; a-¢ 
synchronous d-c ex 
cited fields 


Most a-c and d-c types 
except synchronous 


tlectric power 


tation above normal 


synchronous speed 


Most three-phase 
types; single-phase re 
pulsion 
d-c universal d-« 
shunt, lanent 
magnet ar 


special a-c 


i series 
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From: SAE paper 


Characteristics and advantages 


A. F. UNDERWOOD, Manager, General Motors Research Staff 


Tu free piston engine should have 


wide application to all types of vehi- 
cles. Units can be designed to meet the 
needs of installations in automobiles, 
buses, trucks, and military vehicles as 
they have been for ships, locomotives, 
power stations or portable and sta- 
tionary air Compressors 

As with current power plants, the 
best configuration will depend on the 
required power to weight ratio, endur- 
ance requirements, possible use of 
afterburner, and the need for mini- 
mum fuel limitations 


ENGINE CHARACTERISTICS 


As shown in Fig. 1, the engine is 
basically a uniflow, opposed piston, 
two cycle diesel engine with a built-in 
air piston compressor for scavenging 
purposes. Considering only the two 
power pistons, they function in the 
same manner as the opposed piston 
type of two cycle diesel engine. The 
exhaust and intake ports are uncov- 
ered at the end of each stroke. At this 
time the compressed air from the ai 
box case blows through the diesel 
cylinder, reducing the temperature of 
the engine parts and scavenging the 
combustion chamber for the next por- 
tion of the cycle. Fuel is injected by 
a standard type of injector when the 
pistons are approximately at their 
inner dead point 

Che explosion forces the two pistons 
apart in the usual manner. All of the 
mechanical energy for the cycle is de- 
veloped during the expansion of the 
gases between the pistons. A simple 
linkage, usually consisting of a paral 
lelogram, keeps the two power pistons 
in phase. This linkage has very little 
torce to transmit. It need only take care 
of differences in friction of the pistons, 
and such components as the fuel injec- 
tor and controls 

In the usual diesel engine, the ait 
for scavenging is supplied by a me- 
chanically driven blower or by a 


turbo-charger. In a free piston engine 
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Fig. 1—Operating sequence of inward-compression free piston engine. (A) Idealized 
section showing pistons in starting position. Intake and exhaust ports open. All valves 
closed. (B) Starting air pressure admitted to bounce cylinders. Pistons move inward, 
closing ports, compressing air in power cylinder, and forcing scavenging air from 
compressor cylinder into case. (C) Pistons complete inward travel. Fuel is injected 
into power cylinder. Combustion starts and power stroke begins. (D) Pistons continue 
outward travel. Air in bounce cylinders is compressed to store energy for return 
stroke. Compressor air intake valves open. Exhaust ports open and gas is admitted 
to turbine. (E) Further outward movement of pistons opens intake ports, completing 
power stroke. Case air scavenges power cylinder and escapes to turbine. (F) Pressure 
in bounce cylinder moves pistons inward starting next phase. 
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the scavenging air is Obtained by the 
air compressor pistons which are dl- 
rectly attached to each of the power 
pistons. The reciprocating motion of 
the ai pistons draws air in through 
the intake valves on the outward mo 
tion of the pistons and forces the al! 
into the air box through the delivery 
valves during the inward movement of 
the power pistons 

This is one advantage of the free 
piston engine. As the fuel is burned 
in the highly compressed air of the 
combustion chamber—it expands, and 
the energy is used: (1) to compress the 
air in the bounce chamber; and (2) 
draw air into the air compressor cyl- 
inder. These energies are transmitted 
by the piston assembly. Now, when 
the bounce chamber air returns the 
piston assembly, the energy for de- 
livering the compressed air to the ai 
box comes from the energy which was 
stored in the bounce chamber and 
which in turn comes directly from the 
expanding gases after combustion. 

Therefore the energy for compress- 
ing the scavenging air into the air box 
is extracted mechanically from the 
gases within the combustion chamber 
This transfer of energy means that ex- 
haust gases coming from the exhaust 
ports (when they are uncovered), are 
reduced in temperature. In addition, 
there is mixing with the excess scav 
enge air blowing through the com- 
bustion chamber, causing a further 
lowering of exhaust temperature. Since 
these exhaust gases are what drive the 
power turbine, it can be seen why the 
turbine operating temperature is low 

In a combustion turbine, the energy 
is also produced in a combustion 
chamber. However, all of the energy 
is directly transferred to the power 
turbine by high temperature gas. Here, 
the energy required for the air com 
pressor is extracted and fed back to 
the compressor turbine. If separate 
compressor and power turbines are 
used, the compressor turbine is sub 


H5 





jected to the temperature of the high 
energy gas, even though only the com- 
pressor energy is extracted. 

The important conclusion is that: 
(1) in the free piston engine-gas tur- 
bine, the power turbine receives low 
temperature gas because the work of 
compressing the air has been removed; 
and (2) in the combustion turbine, the 
power turbine receives high tempera- 
ture gas because it must produce the 
added energy to compress the air. 

The air intake and delivery valves 
are of the reed type. Mechanically op- 
erated valves cannot be used in a free 
piston engine because of the variable 
stroke, and their added complication 
would not improve cycle efficiency. 

The bounce chambers at the outer 
ends of the compressor pistons, absorb 
energy from the expanding gas in the 
power cylinder while the pistons are 
moving toward their outer dead points. 
In effect, the bounce chambers can be 
thought of as air springs. The rate of 
the air spring in the bounce chambers 
is effectively controlled by the amount 
of air which is in the bounce chamber. 
Ihe speed at which a free piston en- 
gine operates is determined by the 
mass of the moving parts and the 
spring rate of the bounce chambers. 

Therefore to change the speed of a 
free piston engine it is necessary to 
adjust the amount of air in the bounce 
chamber. This is accomplished by a 
stabilizer 

The stabilizer is essentially a two- 
way air valve which allows air to be 
transferred from the bounce chambers 
to the air box. If it is desired to in- 
crease the speed of the engine, then 
the stabilizer functions to allow an 
appropriate amount of air to enter 
the bounce chamber from the air box. 
This increases the spring rate and 
causes the mass of the pistons to op- 
erate at a higher frequency. By re- 
moving air from the bounce chamber, 
the engine is slowed down 

A free piston engine such as shown 
in Fig. 1 will not produce less than 
about 25 per cent of full load. Until 


recently it was necessary to discharge 
part of the exhaust gas to the atmos- 
phere if it was desired to operate the 
power turbine at less than 25 per cent 
load. Obviously this was a very ineffi- 
cient situation and 


resulted in ex- 
tremely poor part-load economy. As 
an example, the early models of free 
piston engines required about one- 
fourth of full-load fuel rate for idle. 


Ho 


The use of recirculation improves 
the part throttle and idle efficiency. 
This is simply the action of bypassing 
part of the air in the air box back to 
the air intake of the compressors. The 
effect of such recirculation is to heat 
up the incoming air resulting in two 
improvements. 

First, it raises the temperature of 
the air in the combustion chamber at 
part throttle and idle, thereby allow- 
ing combustion at lower compression 
ratio. The lower compression ratio (10 
to 1) is the result of reduced stroke, 
primarily a larger IDP (Inner Dead 
Point). A softer cushion under these 
conditions, in turn reduces the speed 
and consequently the power output 
with reduced fuel consumption 

Secondly, it reduces the pounds of 
air being pumped by the engine and 
therefore a dump valve to the atmos- 
phere at low loads is not required. On 
certain free piston engines now in use 
fuel consumption at idle has been re- 
duced to 8 per cent of full throttle 
fuel requirements 

The quantity of air pumped by the 
gasifier to the turbine is determined 
by several factors. The first factor is 
the speed of the engine which is deter- 
mined primarily by the mass of the 
parts and the spring rate in the bounce 
chambers. The second is the variable 
stroke. A relatively small change in 
the effective stroke of the pistons pro- 
duces a large difference in the pounds 
of air pumped by the gasifier. The 


difference between minimum outer 
dead point and maximum outer dead 
point can make a difference of 45 per 
pumped per 


minute. The rate of fuel injection is 


cent in pounds of at 
the primary stroke regulator, espe- 
cially in its effect on ODP (Outer 
Dead Point). Bounce pressure is the 
secondary stroke regulator, primarily 
on IDP (Inner Dead Point), but also 
on the outer dead point. 

One of the functions of the stabi- 
lizer is to insure that the air pressure 
in the bounce chambers is at the 
proper consistent with the 
amount of fuel 


value 
injected for each 
stroke, to make the engine operate 
within the desired stroke limits. If, for 
example, the air pressure in the cush- 
ion is too low compared to the amount 
of fuel which is injected, then the en- 
gine will overstroke and the pistons 
will hit against some part of the en- 
gine. If the air bounce pressure is too 
high for the amount of fuel which is 


injected, the engine will understroke 
and stop running. 

Since there are no rotating parts as 
in a crankshaft or a gas turbine engine, 
the fuel injector is Operated by the 
linkage which connects the two piston 
assemblies. Because the linkage is not 
moving at the inner dead point, which 
is approximately when injection should 
occur, it is necessary to use either a 
high rate cam if mechanical injection 
is to be used, or to utilize an accumu- 
lator system which can be tripped at 
the proper time. 

In actuality the engine operates at a 
variable compression ratio. For ex- 
ample, when the air box pressure 1s 
one-half atmosphere, the compression 
ratio is in the neighborhood of 25 to 
1. At full power when the air box 
pressure 1s 3 atmospheres, the com- 
pression ratio approaches 50 to 1. 
Under the latter conditions the com- 
pression approximately 
1200 psi and the firing pressure is less 
than 2000 psi. As would be expected, 
the temperature and pressure prevail- 
ing in the combustion chamber under 


pressure 1S 


these conditions are so intense as to 
cause effective and efficient combus- 
tion. The result is high efficiency in 
the burning of fuel. Also these condi- 
tions explain the relative insensitivity 
of the free piston engine to the quality 
and character of the fuel. 

The turbine in this cycle acts as a 
fixed orifice. Therefore the air box 
pressure of the gasifier is effectively 
equal to the pressure drop through the 
turbine plus the pressure drop through 
the power cylinder (including intake 
and exhaust ports) plus the loss in the 
piping connecting the gasifier to the 
turbine. The turbine recovers a large 
percentage of the energy put into the 
compressing of the 
another reason for the high efficiency. 


Scavenge alr, 


ENGINE ADVANTAGES 

The free piston engine when com- 
bined with a gas turbine has the fol- 
lowing advantages as compared to 
other power plants. These are not nec- 
essarily listed in the order of impor- 
tance, however in most applications 
it will be found that each one of these 
items is necessary for the installation 
to be a success. Of course in certain 
situations it may be of the most im- 
portance to use One particular advan- 
tage over all of the others. As an 
example, the question of tolerance to 
various kinds of fuels could well be a 
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determining factor in the installation 
for a military vehicle 

Insensitivity to Fuel: The free piston 
engine is not sensitive to whether it is 
operating on kerosene, No. 2 diesel 
oil, or Bunker “C 


of hours of satisfactory operation have 


Tens of thousands 


been run with such fuels having a 
sulphur content as high as 4 per cent 
Also, the engine operates successfully 
on gasolines of varying octane up to 
100 octane, and equally as well on 
certain unrefined crude oils. The en- 
gine will run satisfactorily on such 
combustible materials as whale oil, 
peanut oil and cotton seed oil, al- 
though operation has not been long 
enough to determine what effect such 
oils would have ultimately on the op- 
eration or condition of the engine. As 
would be expected, the change in 
horsepower output is proportional to 
the heating value of the fuel 

High Efficiency: The over-all effi- 
ciency of the engine is the product of 
the gas efficiencies of the gasifier itself 
and the turbine 
at a compression ratio between 30 to | 


Ihe gasifier operates 


and 50 to 1 and therefore has ex- 
tremely high thermal efficiency. The 
gas is generated at an efficiency up to 
40-45 per cent at full load. With a 
turbine efficiency of 80 per cent this 
gives an over-all thermal efficiency of 
32-36 per cent. This makes it com- 
petitive with high compression ratio 
gasoline engines and diesel engines 
In the part load range, the over-all 
efficiency can be comparable to the 
current engines. 

Smoothness: All free piston engines 
are inherently balanced and require 
no special design or attention except 
that all of the similar oscillating or 
reciprocating parts must have exactly 
the same weight. This means that the 
motor supports can be located with- 
out regard to torsional movement, 
since there is no such reaction as in 
the crankshaft engine. Motor mounts 
are located to give proper support to 
the engine without strain from expan- 
sion or distortion of the chassis frame 
Torque Multiplication: One of the ad- 
vantages of any cycle which uses a 
gas turbine is the ability to produce a 
high torque because of the stall char- 
acteristics of the turbine. In 
present day automotive applications, 
it is necessary to have good perform- 


most 


ance which means high low-speed 
torques. It is believed that a simple 


two-step transmission may be satis- 
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factory to match the performance of 
current transmission drives 

Low Gas Turbine Temperature: [he 
outstanding advantage of the free pis- 
ton engine cycle over the combustion 
turbine cycle, whether regenerative or 
nonregenerative, is the very low tem 
perature of the exhaust entering the 
power turbine 
the range of 450 to 900 F. This is 
attributed to the fact that the energy 


The temperature is in 


for compressing inlet air has already 
been extracted from the gas before 
the exhaust gas plus the compressed 
air, is piped to the power turbine. The 
combustion turbine must extract the 
power energy and the air compressor 
energy from the power turbine, there- 
by requiring high gas temperatures 
into the power turbine 

Another advantage of low tempera- 
ture is the use of noncritical materials 
Alloys such as Silchrome No. | con 
taining only chromium and _ silicon 
may be used. The low turbine tem 
perature means that elements in the 
fuel such as vanadium compounds will 
not cause harmful corrosion of the 
blades 
tures are kept below 


there is no difficulty 


If the turbine blade tempera- 
1100 F then 


A further advantage is the relative 
ease with which the gasifier can be 
connected to the turbine. The power 
gas is at a lower temperature than the 
exhaust gas of a gasoline engine, even 
at full load 
can be readily piped from one part of 


The low temperature gas 
the vehicle to another. This gives an 
independence of location of the gasi- 
fier and the turbine. The gasifier can 
be placed where it is most convenient 
for weight or space consideration, and 
the turbine can be located where the 
power is applied to the wheels. 
Power to Weight Ratio: It is believed 
that a free piston engine and turbine 
combustion can approach the ratio of 
the present highly developed gasoline 
engine. Depending on how the power 
output of such an engine is rated, the 
present ratio would be 3 to 5 lb/hp 
A fair comparison would include all 
the components of each system, up to 
the final power drive 

Throttle Response: For vehicle use it 
is highly desirable that the engine re- 
spond quickly to any change in throttle 
setting. Thus, if the engine is idling 
and it is desired to quickly accelerate 
the vehicle, the power must be made 
quickly available to the output shaft 
One of the features of a free piston 
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engine is the rapidity with which the 
gasifier Can increase its Output of gas 
There is no question of accelerating 
moving parts over a period of time 
The pistons in the gasifier must stop 
and start at the end of each stroke 
Therefore the speed with which the 
free piston engine can be made to 
produce more gas is entirely depend- 
ent upon the speed controls. These 
can be made to operate quickly and, 
therefore, the response is prompt 
Deceleration is just as rapid because 
the gasifier will slow down in its pro 
duction of gas directly as the fuel flow 
is reduced. In fact. if the fuel is cut 
off, the engine will stop on the next 


Naturally, the 


gas in the pipe connecting the gasifier 


stroke of its pistons 


to the turbine must be expanded be 
fore there is zero torque on the tur- 
bine, or a by-pass valve may be opened 
to dump the gas in an emergency 

Use of Afterburner: The gas from the 
gasifier still has 80 per cent of the 
original oxygen, in other words it still 
has an oxygen content of about 16 
per cent at full load. As has been 
pointed out previously, the tempera- 
ture is on the order of 850 F. By plac 
ing an afterburner between the gasi 
fier and the power turbine, additional 


fuel can be burned to supply an 
augmented power to the turbine. This 
feature is particularly desirable in a 
vehicle where acceleration and peak 
power may be needed for short periods 
of time. The power can be ratsed for 
top performance with little additional 
weight and at a very low loss of over 
all thermal efficiency. In fact, a tem 
perature increase up to 250 F could 


be used for continuous operation 


Even higher temperatures could be 
utilized for short periods which would 
not last long enough to overheat the 
turbine blades and parts. As a first 
approximation, the power is increased 
in proportion to the absolute tempera- 
ture of the gas entering the power 
turbine. A particularly important fea 
ture of this method of obtaining in 
creased power is that it ts almost 


instantaneously available 
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Selecting motors 


C. G. VEINOTT, 


Nomocram in Fig. 1 gives relation- 
ships between torque, power and speed 
where the torque 
varies as the square of the speed and 


power varies as the cube of the speed 


for applications 


(i.e. fans and centrifugal pumps). 
Nomogram is based on the follow- 
ing familiar equations: 


. rpm X torque lb it 
i inlets 5250 

rpm X torque (oz 

84000 
rpm X torque ‘It 
7040 
rpm X torque oz 
112,640 
Torque scale is given in lb-ft (usu- 
ally for integral hp motors) and oz-ft 
(for fractional hp motors). Power scale 
is In watts, kilowatts and hp. Speed 
scale is divided into two rpm scales 
upper scale for integral hp motors and 
lb-ft scale of torque—lower scale for 
fractional hp motors and oz-ft scale of 
torque. If desired to read torque in 
oz-ft when upper rpm scale is used, 
multiply actual scale reading by 10 
(see Example 1); if desired to read the 
torque in lb-ft when the lower rpm 
scale is used, divide actual scale read- 
ing by 10 (see Example 5). Speed scale 
is also marked with most common 
full-load speeds of induction motors 
with poles and frequency correspond- 
ing to these speeds. For example: a 
12-60-580 is a 12 pole, 60 cycle, 580 
rpm integral hp induction motor; an 
8-50-715 is an 8 pole, 50 cycle, 715 
rpm fractional hp induction motor. 
The reference axis has been so 

drawn that if a straight line is turned 
about any point on it, the torque indi- 
cated will be directly proportional to 
the square of the rpm, and the power 
proportional to the cube of the rpm 


Hs 


for fans and 
centrifugal pumps 


Reliance Electric & Engineering Company 


SAMPLE PROBLEMS 
Example 1: What is full load torque 
of a 1.5 hp, 1160 rpm motor? 
Solution: Straight line across 1.5 and 
1160 rpm gives 6.8 lb-ft (oz-ft scale 
shows 10.9, so oz-ft torque would be 
109) 


Example 2: What is full load torque 
of a 1 hp, 2 pole, 60 cycle motor? 
Solution: This rating normally consid- 
ered a fractional hp rating; line across 
1 hp and 2 poles 60 cycles gives 24.4 
oz-ft. If considered as an integral hp 
rating, line across 1 hp and 3500 rpm 
on integral horsepower rpm scale gives 
1.5 lb-ft. 


Example 3: Dynamometer test on a 
fan showed that it requires 11 lb-ft to 
drive in free air at 1160 rpm. (A) What 
hp is required? (B) What power and 
torque is necessary to drive fan at 
1750 rpm? 

Solution: (A) Line across 11 lb-ft and 
1160 rpm gives 2.4 hp or 1.8 kilo- 
watts. (B) Extend line to reference axis 
obtaining intersection point. From this 
point lay straight line across 1750 rpm 
to obtain 6.2 kilowatts or about 8 hp 
Torque is read on torque scale as 25 
lb-ft. 


Example 4: A unit heater fan is de- 
signed to require % hp at 1150 rpm 
Assuming same fan to be used, what 
are nearest available speeds and what 
hp is required at each speed? 

Solution: Line across 4 hp and 1140 
rpm on fractional horsepower rpm 
scale to reference line. New line from 
intersection point through 1425 rpm 
(nearest SO-cycle speed faster than 
1140 rpm) gives 42 hp. Next lower 
50-cycle speed is 950 revolutions per 





minute which gives power require- 
ment between “% and % horsepower 
Example 5: A blower requires 1.5 hp 
to drive it at 3500 rpm. How much 
power and torque does it take to drive 
it at 2900 rpm 

Solution: 1.5 hp at 3500 rpm is nor- 
mally considered as an integral horse- 
power rating, but a straight line across 
1.5 hp and 3500 rpm on the integral 
horsepower rpm scale intersects the 
reference axis off the paper. This diffi- 
culty can be avoided by using the frac- 
tional horsepower scale and by using 
the 3500 rpm marking rather than the 
3450 rpm marking to obtain an inter- 
section point on the reference axis 
Line is drawn from the intersection 
point to the 2900 rpm point, also on 
the fractional horsepower scale, result- 
ing in a power requirement of 640 
watts or between %4 hp and 1 hp. (The 
power scale is direct reading regardless 
of which speed scale was used.) Torque 
required can be read directly on torque 
scale as 25 oz-ft. If torque is desired 
in lb-ft it can be read as 15.6 and di- 
vided by 10, obtaining 1.56 Ib-ft. 


OTHER USES 


The nomogram is also useful for 
recording the speed-torque and speed- 
power characteristics of a large num- 
ber of fans. At one time the author 
had some 40 or 50 points marked on 
the reference axis, labeled to indicate 
the fan to which each point is referred. 
From the single point on the alignment 
chart, the torque or power required by 
any one of the fans at any speed was 
very quickly obtained 


Eprror’s NOTE: 

Based on unpublished paper presented 
at AIEFE Conference, on Application of 
Motors to Space Heating and Cooling 
Equipment, St. Louis, Missouri, October 
19, 1955. 
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Nomogram for selecting motors when torque varies with cube of speed. 
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From: Control Engineering 


How to improve servo operation 


Stabilizing and damping techniques can improve the dynamic operation of servo 
systems. Networks provide a nearly ideal error-rate damping; however, coulomb friction, 


fluid viscous damping, eddy current damping, velocity feedback, viscous acceleration 


damping, magnetic acceleration damping, true-error rate, and alternative error-rate are 


also frequently used to advantage. 


A SERVO system requires adequate stability and damping, 
characteristics that depend on such dynamics as amplifier 
gain, motor and load inertia, and friction. Often a system 
must be adjusted to meet design requirements. Generally, 
the major adjustment is made by: 

e Introducing a positive phase shift angle to partially 
compensate excessive negative phase shift of the open-loop 
transfer function of the system, or 

e Increasing the effective friction in the system. 

Probably the most advantageous procedure involves net- 
work stabilization, properly designed combinations of re- 
sistance, inductance, and capacitance giving the necessary 
positive phase shift. This approximates true error-rate 
damping. 

However, the many ways to adjust the friction also have 
their uses. Table I includes these methods, illustrates typi- 
cal devices, and points out advantages and disadvantages. 
In addition, the table includes error-rate damping methods 
other than stabilization networks. 

A single-loop servo is stable if the open-loop transfer 
function does not enclose the point | —180 deg when 


' 
\ 
~ 
=) 


/maginary 
(jw) axis 








@ ©@® 


| 
-90° 


Fig. 1—Typical Nyquist plots of an open-loop transfer function, 
useful in determining the selective stability of a closed-loop 
system. Because the system is third-order, the curves asymptotic- 
ally approach the minus 270 deg axis as the magnitude falls 
to zero. Curve 1 represents a stable—it does not enclose 
the 1< —180 deg point. Curve 2 shows instability—it encloses 
the point. Phase margin (PM) and gain margin (GM) show 
relative stability—both are positive. When gain increases, they 
become negative and servo is unstable. 
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plotted on the Nyquist diagram, as in Fig. 1. Here, phase 
margin and gain margin indicate the extent of stability 

The amount of damping determines the response of the 
closed-loop system to transient disturbances. Proper damp- 
ing assures fast response, usually with one or more over- 
shoots as the output seeks the position commanded by the 
input and then returns to a steady-state condition 


STABILIZATION TECHNIQUES 


Improved stabilization and damping results from three 
major techniques: 

e Coulomb friction—A constant mechanical force op- 
poses the motion of the output member. This type of fric- 
tion is essentially independent of the velocity of the output, 
but may have a dead zone that allows oscillations of small 
amplitude, which may be desirable. Undesirable, however, 
is wasted power at the output, and a constant uncertainty 
in position caused by coulomb friction. 

e Velocity damping—This method develops a_ force 
proportional to the velocity of the output and opposes the 
output motion. Velocity damping may waste output power, 
and also introduce a positional error. This method of 
damping may be: 

(1) mechanical—fluid viscous damping 

(2) magnetic—eddy current damping 

(3) electrical—velocity feedback 

e Error-rate damping—An ideal arrangement would 
combine the error signal with its rate of change and de- 
velop a force opposing the output motion. The rate of 
change introduces a positive phase shift angle in the 
through loop that helps to offset some of the negative (lag) 
angle produced by the motor and load. Error-rate damping 
eliminates velocity errors and does not waste output power 
This method of damping may be: 

(1) viscous acceleration damping 

(2) magnetic acceleration damping 

(3) electromechanical. 

Networks provide a nearly ideal error-rate damping and 
have certain advantages over some of the above methods 


REFERENCE 

Putting Stabilization to Work by Gareth H 
American Bosch Arma Corp and Luther Nashman, Avion 
Div of ACF Industries. Published in Control Engineering 
January 1956, p 78-84 


Davidson, 


Product Engineering—Design Digest Issue 
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ENGINES AND CONTROLS | 


Table I—EIGHT WAYS TO IMPROVE SERVO OPERATION 





DEVICE 


METHOD 


CONSIDERATIONS 





Pressure 


Coulomb Friction obtained from suitable 
friction surfaces on the output shaft. The 
resulting force opposes the shaft motion. 
A dead zone exists where small oscillations 
are permitted 


Inexpensive and simple, where accuracy 
requirements are not important But wear 
limits life; difficult to adjust and maintain 
wastes introduces 


output power; and 


static and velocity positional errors. 





Viscous 
fiuid 

Shell 
Rototing 
disc 

Z Fixed frome 


Sagyewes weanwennnaan wat 


, 
VODPPEPELOELE 


Fluid Viscous Damping increases effec- 
tive friction. Shaft rotates disk inside a 
cylindrical shell filled with viscous fluid 
Rotating disk exerts restraining torque 
porportional to velocity 


Simple, rugged, has long life. Large f coef 
ficient obtainable in smal! size. But adds 
inertia to motor rotor. Fluid may leak; 
fluid viscosity may be temperature sensi- 
tive; and some output power is wasted 





Eddy Current Damping gives same effect 
as fluid viscous type but uses magnetic 
construction. A copper disk rotates per- 
pendicular to a magnetic field. Induced 
eddy currents set up magnetic field, and 
exert retarding force 


Easily assembled; there is no fluid to leak 
out. Good reliability; but inertia added to 
motor. For given size the damping is 
limited; temperature varies resistance of 
disk and hence damping 














Kise 


= Jrodrey where F aF+KKe 


Velocity Feedback gives voltage signal 
from tachometer proportional to output 
shaft velocity. This arrangement increases 
effective friction coefficient 


No large power waste; and coefficient f 
easily adjusted by voltage divider or 
transformer at tachometer ovtput. But 
may be expensive, and of relatively large 
size; extraneous electrical noise may be 
present. 

















Viscous Acceleration Damping is simi- 
lar to fluid viscous type, but shell fixed to 
shaft and disk free to rotate. On sudden 
velocity changes inertia of disk gives re 
straining torque proportional to difference 
in relative velocity between shaft and 
previous disk speeds 


Energy dissipation only when motor sud 
denly changes speed, and no additional 
velocity error is introduced. However, 
heavy disk increases system inertia, and 
bearings are difficult to manufacture 





Magnetic Acceleration Damping gives 
same effect as viscous acceleration type. 
Construction eddy current 
type, again disk is free to rotate. At sudden 
velocity changes the device creates a 
torque proportional to difference in rela 
tive velocity 


similar to 


No additional error introduced; energy 
dissipated only during acceleration. But 
strength of magnet limits damping torque; 
and device adds inertia to motor rotor. 








True Error-Rate derives from two ta- 
chometers that give velocity difference be 
tween input and output. Overall effect 
introduces (1 + kes) term in numerator of 
system transfer function to give corrective 
(positive) phase shift 


Arrangement gives ideal correction, but 
requires two matched tachometers to get 
rate signals of input and output velocities. 
Also needs additional comparators to ob 
tain difference voltages 








Error 
signo! 


Alternative Error-Rate method adds de 
rivative (lead) signal to error signal and 
gives positive phase shift 
phase and gain margins 


This improves 


Block s might be dc operational amplifier 
But this requires vacuum tubes and power 
supplies. 
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From: ASME Paper 


Design of 
high-speed diesel engine 


E. CHATTERTON, chief engineer, Piston Engine Division, D. Napier & Sons Ltd. 


A HIGH-SPEED, multiple-cylinder die- 
sel engine can be made smaller and 
lighter for a given power output than 
an engine having less cylinders of 
larger bore running at high speed. Ap- 
plications include: marine propulsion, 
mobile propulsion and portable equip- 
ment. 

Also, such engines are more eco- 
nomical as a reduction in over-all 
maintenance costs are possible. Parts 
are small enough to permit complete 
interchangeability in manufacture, and 
field service is possible without the 
need for highly skilled technicians. 
Furthermore, it is possible to change a 
complete engine, thus avoiding loss of 
service time and consequent economic 
penalties. 

The problem is to produce maxi- 
mum power from a cylinder of mini- 
mum dimensions. The most obvious 
way to increase power output from a 
given size of cylinder is to increase the 
rpm of operation. Three factors, how- 
ever, limit engine speed: (1) mechani- 
cal difficulties in operation of valve 
gear; (2) mechanical and hydraulic 
operation of fuel-injection gear; and 
(3) piston speed. 

Valve gear and fuel injection gear 
problems appear at 2000 crankshaft 
rpm; these difficulties increasing rap- 
idly as speed rises. Piston speed—gen- 
erally accepted as a practical indicator 
of engine life—is an average empirical 
factor based on experience. Speeds up 
to 2000 fpm are acceptable; some en- 
gines are operating at 2500 fpm. 

To examine maximum possibilities, 
the upper limit of crankshaft speed 
will be taken as 2200 rpm and the 
upper limit of piston speed as 2500 
fpm. The 4-cycle and 2-cycle systems 
will be evaluated, Fig. 1, and as maxi- 
mum power is the objective super- 
charging is an essential requirement, 
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which also implies the need for provid- 
ing an exhaust-driven turbine. 


BASIS FOR PERFORMANCE COMPARISON 


Before the design possibilities of the 
three types of engines can be consid- 
ered, a basis on which performance 
computations can be made must be 
established. This resolves itself mainly 
into a problem of air supply. 

The theoretical ideal air/fuel ratio 

by weight is 15/1. In practice, the 
minimum air/fuel ratio required is 
about 20/1. This refers to the air 
trapped in the cylinder and available 
for combustion, or R,, trapped air 
fuel ratio. 
Four-cycle engines. In this engine the 
burned gases are expelled by piston 
movement. It is possible to fill about 
95 per cent of the total swept volume 
with air at the temperature and pres- 
sure at which air is delivered from the 
supercharger; the remaining 5 per cent 
being lost through the exhaust valves. 
A derivation based on piston diam- 
eter and total stroke indicates that the 
over-all air/fuel ratio, R,, based on 
the total air flow is: 


R, 1.05 R; (1 
R, = R,/1.05 2) 


Two-cycle engines. Here the scaveng- 
ing of burned gases has to be done by 
the incoming air from the super- 
charger, and both swept volume and 
clearance volume are scavenged to 
some extent. However, part of the 
total stroke is sacrificed by the valve 
opening periods, the remainder being 
the effective stroke, L,,,. Effective 
stroke is assumed to be 78 per cent of 
the total stroke. The volume made up 
by the effective stroke, plus the clear- 
ance volume, can be filled with air at 
supercharge pressures and tempera- 
tures to about 90 per cent, the re- 
mainder being lost through exhaust 


valves. To achieve this value, about 50 
per cent more air than can be trapped 
must be passed through the cylinder. 
Based on the above assumptions, the 
volume of air trapped in terms of cyl- 
inder dimensions can be derived. The 
over-all air fuel ratio is: 


R, = 1.5 R, 
or R, = 0.66 R, 3 


The relation between fuel consumed 
and total air flow is found by knowing 
the volume of air, V,, trapped in the 
cylinder, the weight of air, q, at the 
appropriate temperature and pressure 
conditions, and the trapped air/fuel 
ratio. The weight of fuel burned per 
cycle, wy, is: 

Wy = 1.05 Vi a/R, 
for four-cycle engines 

W, = V,a/0.66 R, 
for two-cycle engines 
Relation between supercharging pres- 
sure and maximum cylinder pressure. 
As the degree of supercharge applied 
to a cylinder is increased, it is neces- 
sary to take into account a further 


Fig. 1—Types of engines considered. 
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Fig. 2—Variation of effective compres- 
sion ratio with air manifold pressure. 


limitation — the maximum 
pressure of the diesel engine. 
The maximum pressure attained in 
a cylinder may be taken as a direct 
function of the pressure at the end of 
compression. In unsupercharged en- 
gines a compression ratio based on the 
effective stroke of 18/1 is in common 
use, this corresponding to a compres- 
sion pressure of 690 psia. If the effec- 
tive compression ratio in the cylinder 
is reduced as the degree of super- 
charge is increased so that the com- 
pression ratio remains at a constant 
value of 690 psia, it may be assumed 
that the practical limitation on maxi- 
mum cylinder pressure will not be ex- 
ceeded. Fig. 2 shows the relationship 
between supercharge ratio and effec- 
tive compression ratio in the cylinder. 
Operating cycle. Theoretical indicator 
diagram showing the operating cycle 
used for performance computations is 
shown in Fig. 3. For simplicity it is 
assumed that the compression and ex- 
pansion ratios in the cylinder are equal 
and that the turbine-inlet pressure is 


cylinder 


MOTORS, ENGINES AND CONTROLS (H) 


~Compression ratio 


Pressure 


Air manifold pressure 





Supercharger 


Turbine inlet pressure 
=0.86 air manifold 
pressure 





Turbine 





1 
Volume 


Fig. 3—Theoretical indicator diagram 
for engine performance computations. 


0.86 of the supercharging pressure. 
Position of line AV is variable de- 
pending on the supercharge pressure, 
the compression pressure in the cylin- 
der remaining constant. 

Heat converted into useful work in 
engine cylinder. Theoretically the 
maximum proportion of the total heat 
released by combustion of the fuel 
which can be converted into work is: 


E = 1 —(1/r)Y" 6 


where: E is air standard efficiency; r is 
expansion ratio and y is the ratio be- 
tween specific heats. 

In practice about 72 per cent of the 
value given by the formula is possible. 
The resulting values which are the 
indicated thermal efficiency, E;,,, are 
plotted in Fig. 4 for varying expansion 
ratios. 

From the value for indicated ther- 
mal efficiency must be subtracted that 
proportion of the heat which is ab- 
sorbed in friction and driving auxilia- 
ries. The remainder is the brake ther- 
mal efficiency, F,,.%-, which suppresses 
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Fig. 4—Variation of engine indicated 
thermal efficiency with expansion ratio. 
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Fig. 5—Typical heat-balance diagram for 
engines based on total heat in fuel. 











the proportion of the total heat which 
can be used as brake horsepower. Fig. 
5 shows a graphical heat balance 
diagram. 

For any particular proportion of 
the total fuel heat from the heat bal- 
ance, horsepower is: 


hp = (2 wy CV 778/33000) cpm 7 
hp/cu in = (zaCV 778/R, 33000) cpm (8 


where: x is proportion of total fuel 


Fig. 6—Air delivery temperature and weight of air vs air manifold pressure. 


Fig. 7—Proportion of heat absorbed in driving supercharger. 
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heat; and CV is calorific value of fuel 
in Btu per pound. 
Proportion of total heat absorbed by 
supercharger. The work done per cycle 
in the supercharger expressed in heat 
units is: mass flow times temperature 
rise times specific heat of air at con- 
stant temperature. C, of air is 0.241. 
The total heat absorbed in driving the 
supercharger is equal to: 
[(R, 0.241))/CI 9 

The temperature can be ob- 
tained from normal adiabatic formulas 
and is equal to: 


temp rise 


rise 


intake temp) (r,7"'/Y—1 


adiabatic efficiency of supercharger 10 


where: r, is the pressure ratio equal to 
delivery pressure/intake pressure, and 
y is the ratio between specific heats 
and for air is 1.40. 

Curves the air-delivery 
temperature, 7,,,,, and the weights of 
air per cubic in., a, for varying super- 
charger pressures and three values of 


showing 


adiabatic efficiency are shown in Fig. 
6. Fig. 7 is the proportion of the total 
heat absorbed in driving the super- 
charger for four values of R,. 
Turbine. Another practical limitation 
on the engine is the temperature that 
turbine materials can _ withstand. 
About 2000 F is considered a max. 
From the heat balance diagram the 
proportion of the total fuel rejected 
in the exhaust is known. The tempera- 
ture rise from the manifold tempera- 
ture to exhaust temperature is equal to: 


heat to coolant 
I 10 
where C, is the specific heat of the 
gas at constant pressure 
To this must be added the tempera- 
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Fig. 10—Heat balance diagrams for various over-all air-fuel ratios. (A) 21/1. (B) 30/1. 


(C) 40/1. (D) 50/1. 


ture at which air enters the cylinder 
The turbine inlet temperature is: 
+ [(CV/C,)] 
Bina + heat to coolant 
1)] 11 
Curves showing the value of 7 
for different supercharging pressures 


Air-fuel ratio affects the compressor and _ turbine. 


and different values of R, and three 
adiabatic efficiencies are shown in Fig. 
8. Values of C, 
0.2465 and 0.288 depending upon gas 


temperature and R 


used lie between 


values. 


The proportion of the total fuel heat 
recovered in the turbine is equal to: 
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Fig. 11—Brake horsepower obtainable per cubic inch of cylin- Fig. 
der swept volume for various air-fuel ratios. 


R. + temp drop 12 


The temperature drop in the turbine 


can be calculated from normal adi- 


abatic formulas and is equal to 


l L/r¢ 
i [adiabatic efficiency 
13 


when r,, expansion ratio across tur- 


bine turbine-inlet 
14.7. 


Turbine-inlet 


equals pressure 
pressure may be as- 
sumed to be 86 per cent of the super- 
charging pressure. The adiabatic effi- 
of the turbine is taken as 85 
per cent and y varies over the range 
1.292 to 1.355. Fig. 9 shows the pro- 
portion of the total fuel heat recover- 
able in the turbine for various super- 
charging pressures and four over-all 
air/fuel three adiabatic 


ciency 


ratios and 


efficiencies. 


PERFORMANCE COMPARISONS 


Utilization of fuel heat. Composite 
heat-balance diagrams, Fig. 10, are 


constructed for various degrees of 
supercharge. The compressor and tur- 
bine is affected by the over-all air 
fuel ratio and therefore, separate dia- 
evaluate each 


grams are needed to 


air/fuel ratio. Construction of the 
heat-balance diagrams are as follows 

(1) Assess value of expansion ratio 
in cylinder for the supercharging pres- 
sure used from Fig. 2 assuming that 
compression ratio expansion ratio 

(2) Plot assumed losses to coolant 
These values are based on practical 


experience and lie between 27.5 per 
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cent of fuel heat for no supercharge to 
10.4 per cent for 100 psi supercharge 
(3) Plot values for indicated ther 
mal efficiency for these compression 
ratios from Fig. 4 
(4) Add to coolant 


sumed friction losses 


losses the as- 
These are also 
based on practical evidence and lie 
between 17.7 and 31.1 per cent over 
the range of pressures considered 

(5) Add losses involved in driving 
supercharger from Fig 

(6) Add heat recoverable from tur- 
bine from Fig. 9 

Thus, the total proportion of fuel 
heat available as brake horsepower is 

Ind. thermal efficiency 
supercharger) +- turbine. 
Potential Bhp per cu in. of cylinder. 
From the values for fuel heat avail 
able as Bhp obtained from the heat- 
balance diagrams and using Eq (6), it 


(friction 


is possible to evaluate the four-cycle 
and two-cycle engines. Fig. 11 is for 
all engines operating at the limiting 
crankshaft speed of 2200 rpm. Curves 
terminate where the limiting turbine- 
inlet temperatures are reached 
Practical limit to Bhp per cu in. of 
cylinder. The extent to which the po 
tential power outputs in Fig. 11 can 
be practically achieved in cylinders of 
different 
resulting piston temperatures. 
The temperatures attained 
the influence of the thermal loading 
imposed depends on the ability of the 
piston to conduct heat away, the pis- 
reaching an equilibrium 
temperature at which the heat losses 
heat Other 


sizes is determined by the 


under 


ton crown 


balances the received 
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12—Brake horsepower per cubic inch of cylinder for 
limiting piston temperature at various air-fuel ratios. 


things being equal, the cooling effec 


tiveness Of various sizes Of pistons 


may be assessed by the factor heat 
input area heat loss area 

There is, however, a difference in 
the temperature distribution across the 
different diam- 


crown tor pistons of 


eters, caused by the conductivity of 
the material, and producing a different 
relationship between mean and maxi- 
mum temperatures. If the temperature 
gradient is assumed linear from the 
center of the crown to the circumfer- 
ence and equal to &k deg F per in., it 
can be shown that the maximum tem 
peratures in the center of the crown 


will be 


max 7 pis ‘kD (14 


The value of & for aluminum pis 


tons is about 60 F/in. The maximum 
temperature in the center of the 
crown, assuming a constant value for 


CV of 18,500 Btu/ Ib is 


max ‘I A ce 
S500) ¢ R 


1601 20D 


where K constant for oil-cooled 


aluminum pistons’ of 


0.215 


compression index of 


1.33 
compression index of 
1.17 
specific heat of gas 
varying between 0.219 
and 0.261 depending 
upon gas temperature 


and air/fuel ratio 
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Different values for K and & will 
apply to pistons of different designs 
and materials. The values calculated 
appear to be valid for aluminum, oil 
the 
the limiting value for 
maximum 7 is taken as 800 F. 


Actual power obtainable. A range of 


cooled pistons. In comparisons 


which follow 


cylinder diameters are explored for 
All cylinders 
operate at 2200 rpm and have a total 


the three basic designs 


piston stroke of 7.0 in. giving a piston 
speed of 2560 fpm. Figs. 12 and 13 
evaluate the cylinder designs for 5, 6, 

and 8 in. bore and the above fixed 
Fig. 12 is a replot of Fig. 11 
and shows the Bhp/cu in. obtainable. 
simplicity, 80 per 
charger-efficiency is used 


The Bhp/cu in. 


fac’ors 


For cent super- 
of cylinder which 
can be used increases as the manifold 
pressure and the over-all air/fuel ratio 
are raised and that the smaller piston 
at any manifold pressure is capable of 
higher outputs. 

The Bhp usable per 
shown in Fig. 13. At any air/fuel ratio 
it is possible, 


cylinder is 


by increasing manifold 
pressure, to extract more power from 
the 5 in. diameter piston than from 
the 8 in. diameter without increasing 
the piston temperature. 

With the smaller piston, with high 
manifold pressures and air/fuel ratios, 
the limitations imposed by piston tem- 
perature more nearly coincides with 
that imposed by the turbine, thus giv- 
ing a more balanced cycle with conse- 
quent minimum specific weight. 


CONCLUSIONS 
FROM PERFORMANCE COMPUTATIONS 


The results plotted in Fig. 12 and 
13 show that in spite of its economy 
in the use of air, the four-cycle engine 
is inferior on the basis of Bhp/cu in. 
of cylinder with the two-cycle engine 

The small piston diameter in rela- 
t'on to cylinder volume, Fig. 13, show 
that the opposed-piston cylinder pro- 
duces higher powers for a given cyl- 
inder diameter than the uniflow engine 
for the same piston temperatures 

The results plotted in Fig. 11 and 
the heat balance 
10 show 


diagrams of Fig. 
the influence exerted on the 
final power output by the efficiency of 
the supercharger, when 


high degrees of supercharge are used 


particularly 


For high manifold pressures, an axial- 
flow supercharger is essential 

The heat-balance diagram, Fig. 10, 
shows that the turbine is capable of 
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Fig. 13—Brake horsepower per cylinder for 


ab- 
To take 
advantage of the excess power the tur- 
bine should be geared back into the 
engine output, thus forming a com- 


producing more power than is 
sorbed by the supercharger. 


pound engine. 

In the free running turbocharger 
the turbine power is limited to that 
demanded by the supercharger, thus in- 
volving sacrifices in total power output 

The Bhp/cu in. of a 5 in. dia pis- 
ton, Fig. 12, can be increased by su- 
percharging to three times the value 
at zero manifold pressure with no 
increase in piston temperature. 

The heat-balance diagrams, Fig. 10, 
show that the increased power result- 
ing from increased supercharge and 


ad pressure, psig 


varying piston diameters. 


with 
fuel 


achieved 


specific 


air/fuel ratio can be 
little sacrifice in 
consumption. 


The greatest possibility for 


very 


reduc- 
tion of engine size and weight is of- 
fered by a supercharged two-cycle en- 
gine compounded with a turbine driv- 
ing an axial flow compressor. 

The cylinder layout which offers the 
greatest potentiality for such develop- 
ment is the opposed-piston design. 
REFERENCE 

Future High 
Speed Chatterton, 
Chief Engineer, Piston Engine Division, 
D. Napier & Sons Ltd., London, 
land. Presented at the ASMI 
Meeting, November 1956, 
56-A-141 
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Fractional horsepower motors 


SIDNEY DAVIS, Servomechanisms, Inc 





Fig. 1—Split-Phase. For constant-speed operations with moderate 
torque requirements: washing machines, oil burners, blowers, light 
machine tools. Lower in cost than capacitor-start motors. Range: 
1/20-1/3 horsepower. 


Fig. 2—Capacitor-Start. General-purpose motor suitable for heavy- 

Both duty applications requiring high locked-rotor torque and good running 

pe my efficiency. Hoist service, fans, refrigerators, compressors, stokers. 
- Range: 1/8-3/4 horsepower. 


Fig. 3—(A) Permanent-Split Capacitor. Constant-speed motor for 
> special-purpose applications such as: heaters, fans, blowers. Other 
iO speeds can be obtained by switching arrangement (B), or by using 


Speed, percent of synchronous 


faa autotransformers. Range: 1/20-3/4 horsepower. 


Fig. | 
100 200 300 400 
Torque, percent full load 





Fig. 4—Repulsion-Start Induction. High starting torque suitable for 
belt and chain drives in pumps, compressors, refrigerators. Becoming 
replaced by capacitor-start motor. Induction motor characteristics 
under load. Range: 1/8-3/4 horsepower. 


Fig. 5—Shaded Pole. Generally under 1/20 hp. Least expensive of 
a-c motors but has low starting torque and efficiency. Fans, small 
blowers, unit heaters. Range: 1/2000-1/8 horsepower. 


Fig. 6—Synchronous Reluctance. Constant speed regardless of load 
and voltage fluctuations. Teleprinters, sound recording, clocks. Syn- 
chronous hysteresis motors can synchronize high inertias such as 
gyro drives. Range: 1/3000-1/3 horsepower. 

Both . - : 

windings Fig. 7—Universal. Popular because of high starting torque, high 

excited speed, small size and weight for given output. Speed varies sharply 
with load. Portable tools, vacuum cleaners, mixers, sewing machines. 
Range: entire fractional horsepower. 
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Fig. 8—U niversal Governor-Controlled. Speed is independent of volt- 
age. Governor can be single speed or adjusted even while running. 
Business machines, typewriters, food mixers, movie projectors. Range: 
1/50-3/4 horsepower. 
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MOTORS, ENGINES AND CONTROLS 





Selection charts, schematic diagrams, speed-torque curves and typical 


applications for 12 types of fractional and subfractional motors. 
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Fig. 9—Shunt—General-purpose motor used where a-c is 
not available or where variable speed is desirable. Operates 
efficiently at many speeds by adjusting field rheostat. Appli- 
cations similar to capacitor-start motor. Range: 1 20-3/4 
horsepower. 


Fig. 10—Split-Series Field. Used for ease of reversibility; 
requires only a single-pole double-throw switch for reversing. 
Races with light load and full voltage. Applications similar 
to universal motor. Range: 1/25-1/30 horsepower. 


Fig. 11—Compound. Speed and torque characteristics be- 
tween shunt and series motor depending upon degree of 
compounding. Applications similar to capacitor-start motor. 
Range: 1/100-3/4 horsepower. 
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SELECTION CHART 
High Operating efficiency—Figs. 3, 4, 9, 10, 11 
Constant speed—Figs. 1, 2, 3, 5, 6, 8, 9, 11 
Synchronous—Fig. 6 
Varying speed—Figs. 7, 10 
Adjustable speed—Fig. 9 
Good starting torque—Figs. 2, 4, 7, 8, 10 
A-c only—Figs. 1, 2, 3, 4, 5, 6 
D-c only—Figs. 9, 10, 11 
Both a-c, d-c—Figs. 7, 8 
Reversible—Figs. 3, 6, 9, 10, 11 
Reversible from rest—Figs. 1, 2, 4 
Minimum cost—Figs. 1, 5, 6 
Medium cost—Figs. 2, 3, 7, 9, 10 
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From: Chemical Engineering 


Drivers for heavy-duty compressors 


W nt the compressor is the pri- 
mary unit in a compressing installa- 
tion, the driver must be selected with 
care for optimum, trouble-free per- 
formance. Some of the factors impor- 
tant to a good installation are covered 
in the following discussion of drivers 
Half of any compressor installation 
is represented by the driver. Driving 
unit may be an electric motor, steam 
engine or turbine, gas or oil engine, or 
gas turbine. Table 1 compares basic 
characteristics of driving units. 


ELECTRIC MOTORS 


Squirrel-Cage Induction Motors— This 
motor is a fixed-speed machine. It is 
simple, rugged and reliable; has no 
rotating windings, slip rings or com- 
mutators that are 
other types of electric motors. 

For the majority of 
compressors the high speed required is 
reached through a_speed-increasing 
gear driven by a 1200 or 1800 rpm 
squirrel-cage motor. Occasionally, de- 
sign speed for a large-volume centrif- 
ugal unit permits direct coupling to a 
3600 rpm induction motor using 60 
cycle power. 


associated with 


centrifugal 


Reciprocating compressors frequent- 
ly are driven through a speed-reducing 
V-belt drive or gear reducer by a 1200 
or 1800 rpm induction motor. Induc- 
tion motors, sufficiently slow in speed 
to directly match speed of reciprocat- 
ing compressors, are very expensive 

However, some of the newer, small 
reciprocating machines which operate 
at higher speeds such as 600, 514, 450 
or 400 rpm can be direct coupled. 

Above 500 hp very few induction 
motors are used to drive reciprocating 
compressors, either through reduction 
gearing or direct couplings. 

While the squirrel-cage induction 
motor has very good starting torque, 
inrush current is very high on startup 
If the electrical system cannot carry 
the high inrush current, it may be pos- 
sible to use a low-voltage starter, pro 
vided the rotating inertia load can be 
accelerated with the reduced torque 
At any rate, the compressor must be 
unloaded during the startup period 


H20 


The induction motor will carry a 
momentary overload of 50 to 100 per 
cent without stalling, but it should 
never be selected for continuous over- 
load operation. 

Wound-Rotor Induction Motor—This 
variable-speed version of the induction 
motor has a rotor winding connected 
external rheostat 
through rotating slip rings. Because it 
can provide high starting torque with 
low inrush current, it sometimes is 


to an variable 


used to drive centrifugal compressors 

Despite the capability of the wound 
rotor to adjust speed from about 60 
to 100 per cent, its attractiveness is 
reduced greatly because over the en- 
tire range total kilowatt input to the 
motor and rheostat remains practically 
constant. As speed drops, part of the 
kilowatt consumption merely shifts 
from the motor to the rheostat 
Synchronous Motor — The synchro- 
nous motor is a fixed-speed machine 
Some consider it less reliable than the 
squirrel-cage induction motor because 
it has a wound rotor to which d-c ex- 
citation must be applied through rotat- 
ing slip rings. Consequently, a small 
d-c supply (M-G set or selenium recti- 
fier) together with more elaborate 
starting equipment is required. 

This disadvantage is offset consid- 
erably by the large air gap permissible 
on the synchronous motor; approxi- 
mately “% in. compared with 0.040 in 
on an induction motor. The impor- 
tance of this difference is accentuated 
on large machines where it is difficult 
to center the rotor to close tolerances. 

Not only is the air gap smaller on 
an induction motor but if the rotor is 
centered poorly it undergoes much 
greater pull from unbalanced radial 
magnetic forces 

Synchronous motors are classified 
commercially as low speed for 450 
rpm and lower, and high speed for 
514 rpm and higher. The starting 
torque for the low-speed group is 
30-40 per cent; for the high-speed 
group it is 85-125 per cent. Because 
this motor is started as an induction 
motor the inrush current is high 

The synchronous motor frequently 


is selected for its high or leading 
power factor. Like the induction mo- 
tor it will take a momentary overload 
of 50 per cent, but it should never be 
overloaded continuously. 


STEAM DRIVERS 
Engines—Reciprocating steam engine 
cylinders are mounted integrally on 
the compressor frame and drive the 
compressor pistons through a com- 
mon crankshaft. This driver is very 
reliable. It offers manual or automatic 
speed control over a wide range with 
sustained high efficiency at part load. 

For some processes, however, the 
steam engine is ruled out today be- 
cause it introduces cylinder lube oil 
into the exhaust steam. The oil in- 
creases fouling factor allowance on 
process exchangers. And on high pres- 
sure, high temperature boilers it can 
cause coke blisters on tubes if left in 
condensate for any length of time. 
Turbines — For centrifugal compres- 
sors the turbine is the most frequently 
selected driver and is connected di- 
rectly to the compressor. Turbines 
may be adapted reliably to automatic 
speed control. 

The dependability of the steam tur- 
bine depends greatly on the design, in- 
stallation and care of its control, lu- 
brication and gland sealing system. 

When used for reciprocating com- 
pressors, the steam turbine requires a 
speed-reducing gear set. The pulsating 
torque characteristic of the compressor 
limits safe turndown of speed to about 
10 per cent. At a greater turndown 
there is the probability of encounter- 
ing destructive torsional criticals be- 
cause the speeds are appreciably lower 
than those for which the flywheel and 
couplings were selected. 


INTERNAL COMBUSTION ENGINES 


For Centrifugal Compressors — Only 
recently on pipeline installations have 
gas engines been applied to driving 
centrifugal compressors. 

Coupled to the compressor through 
a double-increaser gear set, the gas 
engine does offer the best fuel econ- 
omy of any centrifugal drive available 
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today. Speed variation, however, may 
be limited by torsional criticals. 

For Reciprocating Compressors—in- 
tegral-frame, angle-type engine com- 
pressors may be used. Burning either 
gas or oil, these machines have vertical 
power cylinders that drive horizontal 
compressor cylinders through a com- 
mon crankshaft. 

This compressor is the work-horse 
of the natural gas transmission field 
It is used extensively in refineries 
where its fuel supply is a variety of 
waste gases. Many operating compa- 
nies find the gas-engine compressor a 
natural for petrochemical 
plants using a natural gas feed. 

The combustion 
more maintenance 


choice 


engine requires 

than motor, tur- 
bine or steam engine. However, as a 
complete heat-cycle engine it meas- 
ures up well against an all-steam or 
steam-electric cycle because of its ex- 
cellent fuel economy. 

During the last two years, compres- 
sor manufacturers have increased the 
horsepower ratings and over-all ther- 
mal efficiencies of engine compressors 
by supercharging. This gives the user 
more horsepower per pound of fuel 
and per cubic foot of foundation and 
building. Also, much 
water is needed for these newer units. 


less cooling 


MOTORS 


Coupled Engines 
arate engine to a balanced-opposed 
multi-crank the 
power ceiling for a single unit can be 
lifted to 5,000 hp. The coupled-engine 
arrangement also allows the manufac- 


By coupling a sep- 


compressor, horse- 


turer to adapt certain engine types not 
available in the integral-frame engine 
compressor. 

With a coupled dual-fuel installa 
tion an operator can take advantage of 
a lower price contract from an inter- 
ruptable gas supply. When 
supply is the cold 
weather, the engine will switch to oil 


natural 

cut off during 
automaticaily without shutting down 
Gas Turbines—The open-cycle com- 
bustion-gas turbine is establishing it- 
self rapidly as a prime mover. Oper- 
ating on gas fuel it is about as reliable 
as a steam turbine, will make long 
continuous runs without shutdown for 
inspection or When 
using distillate or treated residual fuel 


maintenance 


the tips of the burner nozzles must be 


cleaned periodically and combustor 
liners replaced less frequently 
Basically, the open-cycle gas tur- 
bine is a very simple machine consist- 
ing of 


turbine. 


and 
high 
temperatures, high speeds and close 


compressor, combustor 


However, because of 


tolerances it must have complex ap- 
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paratus for control, cooling, lubrica 


Also 


it must have a sizeable starting motor 


tion and emergency protection 
or turbine with disengaging clutch 
This 


tively 


prime mover has a compara 
inefficient heat cycle, unless the 
enormous quantity of heat in the flue 
gas is recovered. The two predominant 


recovery schemes are steam genera 
tion and preheating air to combusto! 
Generally, the high speed of the 


combustion-gas turbine enables it to 
be coupled directly to a centrifugal 


compressor. Otherwise, a moderate 
ratio gear speed-changer is used 

Process Expander Turbines—Several 
high-pressure processes depend on re 
covery of the power in otherwise waste 
to hold 
costs so that the process can be eco 


for 


recovering this energy may be stand 


pressure energy down utility 


nomically feasible. Turbines used 


ard impulse steam turbines adapted to 
the particular temperature and metal 
they may be 


lurgy requirements. Or 


specially designed high-efficiency ra 
dial-inlet expanders operating in the 


10,000-30,000 rpm range 


REFERENCE 
Drivers, Controls and Accessories by 


Richard 


Engineering 


Hancock Published in ¢ 


June 1956 p 227-238 


Table I—Drivers for Heavy-Duty Compressors 





Available Speed 


Horse power 
Driver Range 
Synchronous 100 to 20,000 
motor N=2 
20 


Rpm 


60 cycle power 


3,600 N* 
throug! or 0.8 


Speed 
Control Efficiency 


Constant speed 90 to 97 per cent (1 
leading 


factor 


power 


Starting T 
age, per cent 


rque and 
f Fu 
oO t 40 per ent t 
under 514 85 to 
per ce be 
rpm 
amp 


rpm 
nt torque a ve 
300 to 4000 per 


Induction 1 to 5,000 


motor 


3,600 /N 10 hp 
per cent 100 hp 
N=1 through 8 1,000 hp 


less 2 Constant speed 86 per cent 
F F 
91 per cent 


94 per cent 


100 t 
400 t« 


150 per 
800 per « 


Wound rotor in 
duction motor 


To 1,500 hp at 3,550; 1,750; 1,150 
870; 700; and 580 rpm 
1,500 to 2,500 hp at 1,750 
and 870 rpm 


100 per cent down 
to 60 per cent 
1,150; l 


10 hp 
100 hp 
000 hp 


86 per cent 
91 per cent 
94 per cent 


speed -torque-ar 
y with the an 


Steam engine 10 to 4,000 400 to 140 100 per cent down 


to 25 per cent 


60 to 
batic 
ency 


80 per cent adia 
expansion effici 


Steam turbine 10 to 20,000 2,000 to 15,000 50 to 


batic 
ency 


100 per cent down 
to 25 per cent 


76 per cent adia 
expansion effici 


Integral gas 
engine 


From 85 hp at 600 rpm to 3,300 hp 
at 300 rpm 


100 per cent down 
to 60 per cent 


29 to 36.5 per cent over 
all thermal efficiency 


started by « 


Integral oil 
engine 


From 100 hp at 600 rpm to 1,100 
hp at 330 rpm 


100 per cent down HHV 


to 60 per cent 


32 per cent started by mm pre 


Coupled gas or 


100 hp at 600 rpm to 5,000 hp at 
oil engine 


100 per cent down per 
330 rpm 


to 60 per cent, ex LHV), 
cept as limited by on oil 
criticals 


cent on 
36.6 per 


HHV 


gas 
cent 


started by compre 


Combustion gas 


3,000 hp at 10,000 rpm to 20,000 
turbine 


hp at 3,000 rpm 
tion, 80 F. 


100 to 50 per cent 15 to 19 per cent over 
1,000 ft eleva all thermal efficiency 
for simple open cycle 
22 to 24 per cent wit! 
regenerator 


Both single 
quire sizeablk 
bine. Th 
starting 
torque 


and two-shait gas turt 
starting motor 

single shaft requires muc! 
iriver because of its poor part | 
characteristic. Two-shaft turbine 
good torque characteristic 


} 





Note: Tabulation is limited to the commercially applied ranges of horsepower and speed *N= Number of pairs of poles 
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From: Westinghouse Engineer 


Reluctance 


motors for 


adjustable frequency drives 


C. G. HELMICK 


Industry Engineering Dept 


A. T. BACHELER 


Control Engineering Dept 
Westinghouse Electric Corp 


R: LUCTANCE motors can be satisfactorily applied to eithe: 
constant or adjustable frequency operation. They are 
ideally suited to applications where many small synchro- 
nous motors can be operated from a common frequency 
supply; motor speed is set by adjusting the supply-voltage 
frequency 

An example of synchronous motor use is in the man- 
made fiber industry. A machine spinning fiber of a given 
denier may have a great number of positions, each pro 
ducing many filaments composing a strand of yarn. Each 
position must operate at exactly the same speed to obtain 
uniformity of yarn. Many gears, shafts, clutches and other 
mechanical parts would be needed to hold each position 
speed the same mechanically. To accomplish this elec- 
trically, many small synchronous motors can be operated 
from a common frequency supply to drive the various 
loads such as feedwheels, pumps, and winders 

The most prevalent type of synchronous motor used for 
this purpose is the reluctance motor. It is practicable fo 
ratings ranging from small fractional horsepower up to 
10 hp. Even larger ratings can be built, but the size and 
cost may make an excited salient-pole type more economi 
cal. Reluctance motors are inherently rugged, simple and 
low cost making them ideal for many applications 


MOTOR CONSTRUCTION 

[he physical appearance and construction of the re 
luctance motor is essentially the same as that of a standard 
squirrel cage induction motor, except that the reluctance 
motor is often somewhat larger for a given rating. The 
appearance of the stator, its winding, and the external 
appearance are the same as that of a squirrel-cage motor 

The fundamental difference lies in the rotor design 
Salient poles are created on the reluctance-motor rotor by 
removing some of the iron. If a standard squirrel-cage 
rotor is milled to give flat sides corresponding to the num- 
ber of stator poles, Fig. 1, the motor will run as a synchro 
nous reluctance motor. The machining of “flats” on the 
rotor, in effect, forms salient poles at the unmachined sur 
faces. At these poles, the reluctance of flux to cross the air 
gap is substantially less than at the “flats,” where the air 
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gap is much larger. The result ts that the magnetic flux 
crossing the air gap gathers at these poles, tending to lock 
the rotor poles in synchronism with the stator field 

When an external load is applied, the rotor drops back 
in angular position with respect to the stator field, just as 
with a conventional synchronous motor. This produces a 
net pull with a tangential component which is effective in 
producing torque at the motor shaft, Fig. 2(A). Of course, 
this is not a particularly efficient design, and as a result the 
motor rating will be substantially reduced 

Perhaps a comparison of this operation with that of an 
excited-field, salient-pole motor will be helpful. When 
direct current is applied to the field winding of a synchro- 
nous motor, the reaction of the rotor and stator flux com- 
ponents that produce torque is as shown in Fig. 2(B). If 
the d-c field is strong enough to supply more than the nec- 
essary motor excitation requirements, the motor returns 
magnetizing current to the power supply at a leading power 
factor. Under these conditions the torque capacity of the 
motor is high. However, if the d-c field is weakened to the 
point where it will not supply ali of the necessary motor 
excitation, then additional excitation is drawn from the 
a-c line of the motor at a lagging power factor 


Fig. 1—Typical motor lamination for a reluctance motor can 
be derived from an induction-motor punching by cutting away 
light grey areas to form salient poles on the uncut surfaces 
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Under these conditions, the torque capacity of the motor 
is greatly reduced. If the field is weakened still further, and 
removed entirely, then all of the excitation must come from 
the a-c line at lagging power factor. Now the motor can 
carry Only a small load torque. The torque thus developed 
is caused by the “reluctance” torque. Such a reluctance 
motor will have a relatively small torque rating for a given 
frame size and will operate at relatively low power factor 

In practice, certain design factors are selected to produce 
improved performance over that just described. The fact 
remains, however, that reluctance motors seldom operate 
at power factors exceeding about 60 per cent; with high- 
inertia loads, and especially when used for adjustable- 
frequency operation, the motor power factor may actually 
drop below 40 per cent 


APPLICATION FACTORS 

[he problems of applying reluctance motors are essen- 
tially the same as for ordinary synchronous motors with 
d-c field excitation. Since reluctance torque is much weaker 
than torque developed with rated d-c excitation, the re 
quirements of each particular application must be well 
known. Some of the most important factors that should be 
considered are: (1) load inertia; (2) pull-in torque; (3) pull 
out torque; and (4) motor full-load torque 

Load inertia and pull-in torque are closely associated 
because both influence the synchronizing operation of the 
motor. Pull-in torque of a synchronous motor is the maxi- 
mum constant torque under which the motor will pull its 
connected load into synchronism, at rated voltage and fre- 
quency. The speed to which a motor will bring its load 
depends on the power required to drive the load; whether 
the motor can pull the load into step from this speed de 
pends on the inertia of the revolving parts. Thus the pull-in 
torque cannot be determined without knowing the load 
inertia as well as the load torque value of the motor 

The transition to synchronous operation from squirrel 


cage operation is important. During half of the angular 
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%4<—potor pole axis 
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Fig. 2—Sketch indicates the 
way motor develops torque. 
(A) Reluctance motor. (B) 
Synchronous motor. 
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motion of one rotor pole relative to a pole of the rotating 
field, the reluctance torque aids acceleration of the rotor 
During the other half of this relative motion, it opposes 
the acceleration. The load must be accelerated into syn 
chronism with the magnetic field during the torque-a 
portion of this angular motion 

When the motor runs close to synchronous speed, even 
as an induction motor, the relative motion between poles 
is Slower. This affords more time during which the poles 
are favorably aligned, and facilitates synchronism. Also 
the required increment of speed-up to synchronism is 
smaller, thereby requiring less accelerating torque. By the 
same reasoning, a large inertia requires more pull-in torque 
to synchronize within the same time interval. The relation 
ship between pull-in torque and load inertia can be seen 
from Fig. 3. For example, consider a motor designed for 
170 per cent pull-in torque based on its own rotor inertia 
of 0.33 lb-ft. If this motor must drive a load whose inertia 
0 Ib-ft-, the ratio of total 


, 


(reflected to the motor shaft) is 
inertia to motor inertia is 6.0. From the curve, the reduc 
tion factor is 0.41. The net pull-in torque developed by this 
drive is expressed by the relationship 

Reduction factor P.i. 1 


without external inertia 


P. 1. T. with external inertia 


170) 
I 


If the application requires 100 per cent of full-load torque 
be pulled into synchronism, then this motor will not be 
adequate. On the other hand, if the load ts a machine that 
can be started at light load or no-load, then a 68-per cent 
pull-in torque is suitable 

Pull-out torque is the peak load torque that the synchro 
nous motor can carry without losing synchronism. For 
steady loads such as many types of pumps, the required 
pull-out torque will be essentially full-load torque. Other 
loads may require high pull-out torque compared to their 
running torque. The pull-out torque must be sufficiently 


large to prevent loss of synchronism. In contrast to pull-in 


Fig. 3—Relationship between load-inertia effect and the reduc 
tion in motor pull-in torque. 
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torque, load inertia has little effect on pull-out torque since 
a change of load speed is not involved for this operation 

Che running-torque requirements of the load must also 
be known. The closer a motor can be applied to pull-out, 
the better will be the power factor and efficiency. With an 
ordinary squirrel-cage motor, power factor and efficiency 
drop off substantially as the motor is unloaded. As shown 
in Fig. 4, the effect is even more pronounced with reluc- 
tance motors 

To summarize, low inertia, low pull-in torque, and low 
pull-out torque will help keep motor size small and per- 
formance good, For example, compare two 0.33-hp reluc- 
tance-motor designs, one for 170-per cent pull-in torque 
and the other for 200 per cent. The first has a power factor 
and efficiency of 45 and 72 per cent respectively, while the 
second had 35 and 67 per cent respectively. These figures 
are based on negligible external load inertia, since in this 
particular case, a large gear reduction was involved. With- 
out the gear reduction, the reflected load inertia would 
have been appreciable and a larger motor frame size would 
probably have been required to develop sufficient pull-in 
torque for synchronizing. This would have resulted, not 
only in a large motor, but in a reduced power factor and 


efficiency, all of which would increase operating cost 


ADJUSTABLE-FREQUENCY FACTORS 

Che considerations discussed previously are general ones 
pertaining to normal application of reluctance motors 
(hese principles apply to both adjustable-frequency opera- 
tion and constant-frequency operation. For the adjustable- 
frequency case, however, two additional points should be 
examined—torque and thermal capacities 

Torque capacity depends on the motor excitation or flux 
density. This is easily visualized since a greater flux density 


Fig. 4—Variation of power factor and efficiency with full 
load torque for a reluctance synchronous motor with loading. 
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at the rotor poles means a stronger pull to keep the rotor 
turning. If the motor can be made to operate with the same 
flux density at all frequencies, then the torque capacity is 
unchanged. Translated into application factors, this is ac- 
complished by keeping the volts-per-cycle approximately 
the same for all frequencies. For ranges up to 3 or 4 to 1, 
this results in keeping the flux density about constant. Thus 
if a motor is designed for 220 volts at 60 cycles, it should 
be operated at 330 volts at 90 cycles, or 110 volts at 30 
cycles, with proportional voltages for intermediate frequen- 
cies as shown in Fig. 5. This can be inherently achieved by 
maintaining constant d-c excitation on the alternator which 
supplies the adjustable-frequency power 

If a wider range of frequencies is to be employed, espe- 
cially a range extending to quite low frequencies, special 
refinements are necessary. Constant volts-per-cycle is no 
longer adequate to develop constant torque because of the 
effect of voltage drops, which become appreciable at the 
lower voltages. Normal voltage drop in motor leads may 
reduce the motor terminal voltage below the proper value 
If frequency and voltage are already low, then a few volts 
of line drop can be an appreciable percentage of the total. 
In addition, the high synchronizing current drawn by a 
reluctance motor will cause an internal voltage drop in the 
motor, which can be sufficient to affect the pull-in process 
This, too, is most pronounced at low frequencies where the 
applied voltage is low. 

To overcome both of these difficulties, the volts-per-cycle 
ratio can be boosted at the lower frequencies, Fig. 6. A 
voltage boost of 10 to 15 per cent is common for drives 
covering a range of 7 to 1 or more. This amount is suffi- 
cient to overcome voltage drop and to provide a margin of 
excess torque for synchronizing. However, the extra volt- 
age results in additional exciting current, which in turn 


Fig. 5—Motor terminal voltage varies almost directly with 
frequency permitting motor operation at various voltages. 
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reduces power factor and efficiency somewhat. Therefore, 
judgment must be used to determine a proper compromise 
If the load torque requirements are less at low speeds than 
at higher speeds, then little or no voltage boost will be 
required for frequencies down to about 19 cycles or more 


THERMAL FACTORS 

The thermal considerations of adjustable-frequency op- 
eration involve two points: (1) the ability of the motor to 
dissipate heating losses at different speeds, and (2) the 
magnitude of losses generated at different frequencies. The 
ability of the motor to dissipate heat depends both on the 
enclosure and the amount of ventilation available. Ventila 
tion of an open motor falls off rapidly with speed because 
of the decreased fanning action. A totally-enclosed motor 
on the other hand, will dissipate about the same heat at all 
speeds since there is negligible cooling due to convection 
Because of the reduced amount of total heat dissipation for 
this enclosure, totally-enclosed non-ventilated motors are 
seldom used except where atmospheric conditions make it 
imperative. Even then, fan-cooled motors are usually rec- 
ommended for drives operating well above 60 cycles since 
the cooling action is good at high speeds where the core 
loss is high. At very high speeds, a fan-cooled motor tends 
to lose efficiency because of the excessive fan loss that is 
incurred 

Internal losses generated by the motor include mechani- 
cal loss, stator copper loss, and iron loss. The mechanical 
loss, which includes friction and windage, usually drops off 
rapidly with decreasing speed. For a constant-load torque 
the stator copper loss is approximately constant for all 
speeds since the motor current is relatively constant. This 
loss may be increased at low frequencies if substantial 
volts-per-cycle boost is employed. In adjustable-frequency 


Fig. 6 — Speed - torque 
curves for different op- 
erating frequencies. (A) 
reluctance 
Induction 


Synchronous 
motor. (B) 
motor. 
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operation, the iron loss usually falls off ipidly with cde 
creasing frequency; other losses remain about constant 
Io determine the thermal capacity of motor for 
justable-frequency operation, a balance between heatu 
losses and cooling ability must be made. A of th 
high and low operating points will usually be sufficient. If 


the top frequency is much over 90 cycles, core loss may 


h 


sO great as to present the limiting condition 


Irequency 


For most applications, however, the low 
is the critical one because motor cooling falls off mor¢ 


rapidly than do the losses. Thus, from the standpoint of 


both heating and torque considerations, the low-speed c 


dition is a very important case 


CONCLUSIONS 


A thorough knowledge of the load to b 
ing inertia and torque requirements, ¢ 
tory application of reluctance motors to 
or adjustable-frequency operation. Using 
than necessary will result in low power 
ficiency, and will increase the size 
frequency supply alternator. Also, the s 
equipment for adjusting alternator speed 


np! 


Wherever possible load tests of pa ilar applicatior 


should be made; the cost of the ‘Stigatior n be paid 
for many times by savings the drive 


equipment 
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Jet Propulsion 


Characteristics of ramjet engines 


ARTHUR N. THOMAS, JR.., Marquardt Aircraft Co 


Tut ramjet incorporates all the essential features of any 
air breathing power plant. As shown in Fig. 1, the com- 
pression phase of the power cycle is accomplished by the 


forward motion of the engine. Air is captured by the inlet 
and is slowed down with respect to the power plant in the 
supersonic and subsonic sections of the diffuser. Kinetic 


energy of the ambient air with respect to the engine is 
converted into potential energy in the form of pressure 

Fuel is injected into the compressed air and this mixture 
is burned at essentially constant pressure in the combustion 
chamber. The expansion phase of the cycle is accomplished 
by accelerating the air in subsonic and supersonic sections 
of an exhaust nozzle. 

The over-all efficiency of the ramjet engine is strongly 
influenced by the compression ratio. As shown in Fig. 2 
the efficiency increases sharply with the compression ratio 
Operation in excess of Mach 4.0 gives an engine efficiency 
of about 50 per cent which exceeds the efficiencies of all 
other stationary or air-borne power plants that use hydro- 
carbon fuel for propulsion or power. 


PERFORMANCE COMPARISON 


Iwo parameters are used to define the basic perform- 
ance of air-borne power plants: (1) the thrust-to-weight 
ratio, and (2) the specific fuel consumption. Figs. 3 and 4 
compare the performance of the ramjet with the perform- 
ance of other air breathing power plants as a function of 
Mach number and altitude. 

[hese data are approximate but do show that the ramjet 
has a thrust-to-weight ratio at Mach 3.0 about midway 
between the thrust-to-weight ratio of a rocket and an after 
burning turbojet. The ramjet has the lowest fuel consump- 


tion at speeds above Mach 2.0 to 2.5 region 


THE IDEAL RAMJET 

A comparison of the thrust of ideal and practical ramjets 
as a function of Mach number is shown in Fig. 5. Curve | 
is the ramjet performance with infinite heat release in the 
combustion chamber and zero external drag and internal 
pressure losses. The thrust coefficient used for Curve 1 is 
a rough measure of the thrust-to-weight ratio for com- 
parative purposes at a given speed and altitude as it is 
based upon the maximum frontal area of the ramjet 

Limitation of the combustor heat release to a level that 
can be obtained with gasoline decreases the performance 
of the ideal engine to that shown by Curve 2. Curve 3 is 
for a more practical engine sustaining typical drag and 
total pressure losses, but retaining variable geometry 
features 

The final curve represents an engine with only fixed 
geometry components. The sharp slope discontinuities that 
occur are the result of the inlet area reaching the frontal 
area of the engine combustion chamber upon which the 
thrust coefficient for the ramjet engine is based 
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RELATIVE IMPORTANCE OF COMPONENT EFFICIENCY 


The four major performance parameters—total pressure 
recovery, combustion efficiency, nozzle efficiency, and ex- 
ternal drag—are shown in Fig. 6 in terms of their effect 
upon the over-all thrust of the ramjet 

Total pressure recovery is the most important parameter 
at subsonic and low supersonic speeds. Nozzle efficiency 
is important at all speeds, and it increases in importance 
as speed increases 

Ramjet thrust is relatively insensitive to combustion 
efficiency at low speeds. However, it becomes increasingly 


important as the speed increases 


RAMJET APPLICATIONS 

Inlet design for low speed and high speed configurations 
is clearly indicated. Sandwiched between these extremes 
are numerous requirements for ramjet powerplant systems 
designed to operate over a wide range of flight speeds 

The inlet-ramjet matching problem becomes complex 
since an optimum compromise between maximum fuel 
economy during acceleration and during cruise as well as 
powerplant weight must be accomplished 

Selection of the optimum ramjet components will de- 
pend upon the vehicle mission. However, qualitative con- 
clusions can be reached regarding the influence of speed 
upon the inlet selection. Fig shows several speed enve- 


lopes that are typical of present designs 


HYPERSONIC RAMJETS 


An estimate of the combustion gas temperature that ts 
imposed upon the combustor components of a hypersonic 
ramjet is shown in Fig. 8. As air-cooled ramjets operating 
at gas temperatures below 4000 F are currently exposed to 
skin temperatures near the structural temperature limits 
of metallic materials, it is probable that a special cooling 
technique must be used 

A decrease in temperature ratio across the combustor 
suppresses the ramjets thrust level at high speeds. This 
decrease, Fig. 8, results from two factors: (1) reduced 
temperature rise caused by dissociation of the combustion 
products; and (2) an increased inlet total temperature 

A severe limit exists upon the amount of supersonic 
compression that can be accomplished on an external sur- 
face. This results in the maximum achievable pressure 
recovery for external compression inlets shown in Fig. 8 
The most obvious method of exceeding this limit is to 
resort to variable geometry inlet components using internal 


supersonic Compression to increase pressure recovery 


REFERENCE 

Some Fundamental Aspects of Ramjet Propulsion by Arthur 
N. Thomas, Jr., Marquardt Aircraft Co., Van Nuys, California 
Published in Jet Propulsion, Journal of the American Rocket 
Society, April 1957, p 381-385 
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CHRYSLER 


here’s why more and more 
manufacturers of self-powered equip- 
ment are installing big output, low 
cost Chrysler Industrial Engines. 


Greater endurance: Chrysler Industrial OPTIONAL EQUIPMENT 
Engines are high-speed, heavy-duty AVAILABLE ON 


power plants built to stand up under 
the toughest jobs. CHRYSLER INDUSTRIAL 
ENGINES 
Greater efficiency: Chrysler Ind. 56A, a a 
for example, has oversquare, short-stroke @Corrosion and Fungus 
design that cuts friction loss to a mini- Electrical Systen 

. . . @ FI souplin 
mum; hemispherical-design combustion ne Clouy 
chambers produce more power with less 


g 
Heavy-Duty Over-Center 
Power Takeoff 

heat loss Mechanical or Velo 

Radio Shielding (€ d 
Greater adaptability: Chrysler Engines 3, 4 or 5 Speed Transn 
can be tailored to your individual a a Tae Ca 
requirements with Chrysler optional Vertizel or Merizentel Manne 
equipment. All are available as open or Heavy-Duty, Oil Bath Air ( 
closed power units; operate at full effi- Safety Switches (Low O 


. High Water Temperature) 
ciency on gasoline, natural or L-P gas. : — 





Updraft Carburetor (6 cy 


two V-8 models four in-line 6 models 


SHOWN: CHRYSLER IND. 56A = SHOWN: CHRYSLER IND. 31 
354 Cu. In. Diss emer 230 Cu. In. Displacement 
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Chrysler open power units Chrysler enclosed power units 


Open power units for all engines include com Enclosed power units have complete engine 
plete engine, plus skid base, fuel tank, radiator fuel tank, storage battery, instruments and 
instrument panel—complete with instruments instrument panel, flywheel, flywheel housing 

mounted on flywheel housing = skid base and completely enclosed sheet metal. 
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Industrial Engines 


* . * 
specifications /«. CHRYSLER INDUSTRIAL ENGINE MODELS 





Ind. 30 Ind. 31 Ind. 32 ind. 33 Ind. 54 





No. of Cylinders 
Type of Engine—4 Cycle 
Bore—Inches 

Stroke 
Displacement in 
Compression Ratic 
Valves—Arrangement 
Pistons—No. Rings 
Crankshaft— Bearings 
Camshaft Drive 
Camshaft— Bearings 


Crankshaft— Bearing 
Diameter—Inches 


Lubrication— Type 
Lubrication— Type Oil Pump 
Lubrication—Oil Capacity Qts 
ignition— Battery Type 

Spark Plug—Size 
Starting—Ele Type 

Gen. Reg Full Voltage 


Gen. Reg Full Voltage 
and Current Contr 


Carburetor—Type Down-Draft 

Fuel Pump 
Weight—Approx 
Width—! 


Length Inches 














Height—Inches 

















Specifications subject to t 


performance data: 
MODELS IND. 3@ AND 3H, IN-LINE 6 ENGINES MODELS IND. 32 AND 33, IN-LINE 6 ENGINES 








RPM 

Dyna. BHP 
Cont. BHP 
Dyna. Torque 


Cont. Torque 
























































Spec. Fuel 














MODEL IND. 








RPM 120 

Dyna. BHP 
Cont. BHP 
Dyna. Torque 


Cont. Torque 
































Spec. Fuel 
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WISCONSIN HEAVY - DUTY 





and here 
are TWO 
great new 
additions 
to the 
WISCONSIN 
ENGINE 
family... 
the models 
VH4 

and VR4D 





MODELS POWER CURVES 


4-cycle 
Single Cylinder 
Models 
ACN 
BKN 


2.3 to 6.8 hp. 
1600-3600 rpm. 
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4-cycle 
Single Cylinder 
Model 


AEN 


4.5 to 8.25 hp. 
1600-3600 rpm. 






































Single Cylinder 
Models 
AFH 
AGH 
AHH 

6 to 9 hp. 

1600-2200 rpm. 


Wisconsin MOTOR CORPORATIO 





“l éic-Cooled ENGINES... 


Supplied in a highly selective range of sizes from 3 to 56 hp., in 4-cycle 
single cylinder, 2-cylinder and V-type 4-cylinder models, the Wisconsin 
line offers the power user the right engine to fit the job and the machine, 
without power waste and with the greatest power advantage. 

More Wisconsin Air-Cooled Engines are specified as power components 
for a greater variety of mechanized equipment than all other makes com- 
bined in a 3 to 56 hp. range. There are several outstanding reasons for 
this universal preference. 

e All Wisconsin Engines are of heavy-duty design and construction ... to 
provide the inbuilt stamina, long-life endurance and low-cost maintenance 
so essential to heavy-duty service applications. Every Wisconsin engine 
from the smallest to the largest is equipped with tapered roller main 
bearings at both ends of the drop-forged crankshaft. 

e All Wisconsin Engines are of basic High Torque design to provide 
maximum usable power . . . the Load-Holding Lugging Power that hangs 
on and carries on under severe shock-load operating conditions. 

e All Wisconsin Engines can be adapted to operation on a variety of 
most readily available fuels .. . gasoline, kerosene, LP fuels, natural gas 
or fuel oil of 35-42° Baume gravity and 35 Octane rating. 

e All Wisconsin Engines are AIR-COOLED for efficient, trouble-free 
operation at temperatures from low sub-zero to 140° F. (60° C.). 

e All Wisconsin Engines are backed by a world-wide service organiza- 
tion. More than 2,000 Authorized Wisconsin Engine Service Stations 
carry a stock of factory-recommended parts for all models. 


Shown on this page are representative engine illustrations, power curves and 
installation diagrams covering the Wisconsin Engine line. Detailed engineering 
data on individual models available on request or from your nearest Authorized 
Wisconsin Engine Distributor or Service Station. Write for Map Bulletin S-198 for 
complete geographical listing. 


MODELS DIMENSIONS POWER CURVES 





2-Cylinder 
Models 
TH 
THD 
10 to 18 hp. 
1600-3200 rpm. 











MORSE POWER 
TORQUE - INCH LBS 












































V-type 
-Cylinder Models 
VE4 
VF4 


13 to 25 hp. 
1400-2400 rpm. 


vd 


HORSE POWER 
6 


V-type 
4-Cylinder 
Model 


VG4D 


25 to 37 hp. 
1400-2400 rpm. 
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BODINE 


SINCE 1905 


MOTORS 


the power behind the leading products 


BODINE Electric Company has earned an 
enviable reputation throughout industry as 
designer and manufacturer of high-quality fractional 
horsepower motors. Over a half-century’s 
experience has given us the know-how to provide you 
with motors best suited to your particular 
application. Bodine motors are used on many of the 
nation’s leading products. Experienced application 
engineers are always at your disposal to help solve your 


motor application problems. 


CHECK THESE OUTSTANDING FEATURES 


®@ Motors engineered to your © Compact, dependable 
product. power in 

® Broad line of motors to eaete page Kame 
select from—over 3500 for each horsepower rating. 
standard specifications from * Wide range of gear ratios 
1/2000 to- 1/6 hp. available with sach type 

and size of motor—more 

© Quiet operation, reliable, reducers within eur range 

trouble-free, precision- than any other manufac- 
made. turer's. 

@ Whether o.c. or d.c. the @ Built to rigid standards... 
frame is the same size— highgrade craftsmanship... 
same mounting dimensions quality materials . . . attrac- 
— 100% interchangeability. tive appearance. 


write today for 
\ complete mformation 


BODINE ELECTRIC COMPANY 
Dept. F,2260 West Ohio Street, Chicago 12, Illinois 


TYPE N MOTOR 
Available in three basic sizes 
Smallest motor is 3%” in dia 
largest is 5/2”. Almost any type of 
winding. Standard ratings from 
1/150 to 1/6 hp at 1725 rpm 
Used on such devices as blowers, 
pumps, coin-handling equipment, 
communication equipment, 
therapeutic devices, sound-recording 
and reproducing equipment, and 
machine tools 


meter 


TYPE K-2 MOTOR 


Without speed reducer: Normal 
60-cycle output ranges from 
1/2000 hp to 1/500 hp or 
ontinuous duty. With speed redy 
Drive-shaft speeds ranging fr 

300 rpm to | rpm anc 

ratings of 1.3 in. oz to 110 z 
respectively. The Type K-2 motor 

(which is 2%” high) is especially 

adapted to use on instruments and 


timing devices 


TYPE U MOTOR 


Available in 1/20 and 1/15 hp, 
oat 1725 rpm, and 1/30 hp, at 
1125 rpm. Diameter 4%” 
Split-phase construction. Resilient 
mounting for quiet operation 
Thermal overload protection. For 
use in office machines, automatic 
phonographs, circulating pumps, 
air-conditioning equipment 
Available only in standard 
construction and on quantity orders 
Attractively priced 
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SPEED REDGCER MOTORS 


Normally supplied with series 
windings having variable-speed GROUP 1 
characteristics and nominal speed 
of 5000 rpm. Compact (2%” high), Designed to transmit low torques. 
generous power, lightweight, small Height, 3%”. 
enclosure. Operates such devices as 
adding machines, calculating 
machines, check protectors and 
motion-picture projectors. Available 
only on quantity orders. 


GROUP 4 


Double worm-gear reducer for 
transmitting high torques at low 
speeds. Height, 67” 
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TYPE K-4 MOTOR 


iva‘ 


Ratings 1/60 to 1/20 hp. Speeds 
1725 or 3450 rpm. Height and 
width of 2%”. Capacitor or split 
phase construction. Constant speed, 
quiet operation, no radio inter- 
ference, light weight and 5 mounting 
crrangements make it ideol for 
office machines, movie projectors, 
automatic phonographs, etc. 
Available only on quantity orders. 


NIC 


GROUP 2 GROUP 7 


Designed to deliver moderate 


Rugged reducer for driving heavy 
torques. Height, 434”. 


9 
loads continuously. Ample reserve 
for overloads. Height, 7” 


E ght different windings 


NIGOMd 


aH. 
SiONAGOwd ONIGV|a 3H. GNIH3e YIM 


DISTRICT AGENTS 


| 
~ 
z 
m 
v 
o 
m 
a 
@ BUFFALO 21 
z S. E. Shea, 5469 Main St 
= BEDFORD, MASS 
z F. L. Olson, 119 Great Road 
O CLEVELAND 3 
~ W. R. Uffelman, Rm. 216, 4500 Euclid Ave 
z= DALLAS 6 
m General Power Equipment Co., 5527 Dyer St 
- DETROIT 27 
m C. D. Miller, 14511 Puritan Ave 
> LOS ANGELES 13 
. H. M. Hall and C. E. Mello, 406 So. Main St 
> MINNEAPOLIS 4 
SERIES WOUND A. C. Jacobson, 338 East Franklin Ave 
NEW YORK 36 
MOTOR PARTS H. C. Mayorga, Rm. 1437, 55 West 42nd Street 
ROCHESTER 18 
SET includes: Field core and coil Group 3 A. F. Zissler, 3700 East Avenue 
assembly, armature, brushes and Single-reduction, worm-gear SAN FRANCISCO 3 
7h pa = “yo 4 reducer, designed for transmitting a Bayshore Bivd 
a iometers to hs ound to wen 
od te torques. Height, 4 . . >) - 
order for oll fractional horsepower mocercte ques erg © b H — 218 Harrison Street 
ANADA 
ratings. APPLICATION: Portable Montreal-Head Office 
power tools and appliances. Renold Chains Canada, Ltd 
vailable only on quantity orders. 
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electric timing motors 


Haydon totally enclosed timing motors are compact, rugged and dependable. 
Slow rotor speed assures quiet operation and long life. Lubrication meets 





various.temperature requirements. Designed and engineered for 


all-position operation, Haydon Timing Motors mount alike regardless 
of series or speed. Finishes and construction to meet your specifications. 
One-way or two-way frictions available in both right and left rotations. 
Full details will be found in Haydon’s complete new Timing Catalog. 





HYSTERESIS 


This medium torque motor is the most 
versatile and popular in the Haydon 
line. Offers wide speed range in small 
size. Speeds: 1/60, 1/45, 1/30, 1/15, 
1/10, 1/6, 1/5, 1/4, 1/3, 1/2, 1, 2, 4, 
6, 8, 10, 15, 20, 30 and 60 rpm. Many 
others available. Guaranteed torque: 
6 ounce-inches start and run to syn- 
chronism at 1 rpm. Voltages: 120 or 
240 at 60 cps. 


REVERSIBLE 


Incorporates 2 coils with each, when 
energized, producing opposite rotation 
of the output shaft. Speeds: 1/60, 1/45, 
1/30, 1/15, 1/10, 1/6, 1/5, 1/4, 1/3, 
1/2, 1, 2, 4, 6, 8, 10, 15, 20, 30 and 60 
rpm. Guaranteed torque: 9 ounce- 
inches start and run to synchronism at 1 
rpm and 60 cps. Voltages: 120 or 240, 
50 or 60 cps. 





MA23 


HYSTERESIS 


A more powerful timing motor with the 
usual Haydon hysteresis motor advan- 
tages plus extra torque and gear train 
stamina. Speeds: 1, 2, 4, 6, 8, 10, 15, 
20, 30 and 60 rpm. Guaranteed torque: 
10 ounce-inches start and run to syn- 
chronism at 1 rpm. Voltages: 120 or 240, 
50 or 60 cps. Built-in clutch mechanism is 
available on request. Clutch speeds from 
1/10 to 15 rpm only 


‘ “ 
ee 
400 CYCLE 


Low-cost, split-phase capacitor motors 
provide the inherently accurate ap- 
proach to timing control for military 
applications. Speed: 3000 rpm at 400 
cps. Two models: Heavy Duty with 18 
gram-millimeters torque—and Miniature 
with 5 gram-millimeters torque. Voltage 
115 (nominal). 


INDUCTOR 


Compact and fast-starting with the extra 
power and ruggedness needed for de- 
pendable, heavy-duty operation. Ideal 
for high torque applications. Guaran- 
teed torque: 30 ounce-inches at 1 rpm 
and 60 cps. Speeds: 1, 2, 4, 6, 8, 10, 
15, 20, 30 and 60 rpm. Voltages: 120 
or 240, 50 or 60 cps. 


D-C 


Permanent magnet motor with extremely 
low current drain. Speeds: 1/15, 1/10, 
1/6, 1/5, 1/4, 1/3, 1/2, 1, 2, 4, 6, 8, 
15, 20, 30 and 60 rpm; others avail- 
able. Gear Train Rating: 20 ounce- 
inches, static load. Speed varies directly 
with temperature and voltage, inversely 
with load. Voltages: 6 to 32 d-c. 
R. F. Filter available—1%2” dimension 
increases to 1°%4”". 





When ordering motors, please specify: Speed (at.no load or 





HAYDON 


AT TORRINGTON 


under load), voltage, duty cycle, shaft, friction if desired, 
and speed tolerance under the following conditions: 
voltage range, ambient temperature range, and load 
pattern. ' ; 





HEADQUARTERS FOR 


TIMING 











i. YDON 





electric timing devices 


The basic element of all Haydon Timing Devices is our own rugged timing 
motor. All Haydon Timing Devices provide long-lived, reliable, quiet 
service. The Haydon Timers illustrated below are ideal for a wide range of 
applications. Complete details will be found in Haydon’s new Timing 

Catalog. Variations of the standard models and custom-engineered 
units are available. Our field engineers will be pleased to study your 
requirements and submit proposed designs. 





TIME DELAY TIMERS 


Rugged, dependable enclosed-switch 
reset timer provides time delay. 
Delay Ranges: 0-14 seconds 
0-57 minutes 
0-4.5 minutes 
Switch Rating: SPDT, 20V, 
125 VAC, or 250, non-inductive. 
Motor Voltages: 120 or 240V, 50 or 
60 cps. 


5701 


Synchronous motor-driven counter for 
simple, accurate indication of elapsed 
time. 

Time Registered: 9,999.9 hours or 
minutes; 99999 hours or minutes. Volt- 
ages: 120 or 240V, 50 or 60 cps. 


¢ (2 SWITCH UNIT) 


CYCLE TIMERS INTERVAL TIMERS 


Up to 8 enclosed switches can be sup- Directly control heavy duty electrical 
plied in this direct-driven repeat cycle loads. Type A tien up to 4 SPST switches. 
timer. Adjustable cams standard; blank Type B has 1 SPST switch only. Following 
or special available. Wide range of intervals available with dial and knob 
speeds. 15, 60 and 180 minutes. Voltages: 120 
Switch Rating: SPDT, various type or 240V, 50 or 69 cps. Switch Rating 
switches available. 28 amps, 250 VAC non-inductive; 1 hp, 
Voltages: 120 or 240V, 50 or 60 cps. 240 VAC. 


COMMERCIAL ELAPSED TIME INDICATORS 


7010 


Miniature elapsed time meter, hermeti- Direct reading version of the 7008 min- 
cally sealed. iature running time meter. 
Time Range: 10,000 hours. Time Range: 9,999.9 hours. 
Voltage: 115V Voltage: 115V 
Watts Input (115V, 60 or 400 cps): Watts Input (115V, 60 or 400 cps) 
2.8 W. max. 2.8 W. max. 
Weight: 6 ounces. Frequencies: 60 or 400 cps. 
Weight: 6.5 ounces. 





HAYDON Manufacturing Co., Ie. wren cnering timers, ploose specity: Model number, voltage, 


frequency, ambient temperature range, intervals and 


Subsidiary of GENERAL TIME Corporation switch loads (Interval Timers), number of circuits and 


loads to be controlled, and sequence and cycle for each 





DEPT. PEDD, 3134 ELM STREET 


circuit (Repeat Cycle Timers). 


TORRINGTON, CONNECTICUT, U.S.A. 
Telephone HUnter 9-3158 








OPEN TYPE OP (Doubly Pro- 
tected) MOTOR. Drip-proof, 
corrosion-resistant. 1 through 30 


horsep . Other ovoil- 


able in ratings through 500 hp. 





TOTALLY-ENCLOSED, FAN. 
COOLED TYPE EP MOTOR. Fully 
ss explosion proof, through 

horsepower. Other models are 
ovoilable in ratings through 250 


\\ . 
1) a NWS av 
Vea? 


MORE POWER IN LESS SPACE CORROSION-RESISTANT FRAMES THE TYPE OF PROTECTION YOU NEED 


stors are built in NEMA frame Both types are built with rugged, Type DP motors have completely drip 


e@ sé 
sizes 182 through 326U. They pack corrosion-resistant cast iron proof — virtually splashproof enclo- 
more power into less space for easier frames. Motor feet are cast as an sures; while type EP is totally enclosed, 
handling and stocking — require less integral part of the frame for fan-cooled for complete protection and 
space for installation. maximum strength and rigidity. type JP adds explosion proof features. 











BUILT IN NEMA FRAME 
SIZES—182 THROUGH 326 U 








FRAME SIZES AND DIMENSIONS 
1 to 30 H. P. 


Nowe 
Key way 
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MOTORS...the choice of leaders in industry 


TOTALLY ENCLOSED MOTORS... 


1A el | D ") 
UUW 


ee 


A 9 & 
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COOLER OPERATION LONGER BEARING LIFE 
Special baffles direct a cooling flow of These motors can be re-greased hese tv rs have e same |} 
air through the DP motor. Types EP and when desired to prolong bearing 
JP are fan-cooled and have ribbed life. Fresh grease can be added 
frames to increase the surface area for — old grease removed through 
more efficient cooling openings provided in the bearing 
housing 





A table of frame sizes and dimensions is shown at left for complete information on these Wagner Motors. Write for 
your convenience. Bulletins MU-202 and MU-203 give your file copies today. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wagner Electric @rporation 


6406 Plymouth Ave., St. Louis 14, Mo., U.S.A. 


ELECTRIC MOTORS + TRANSFORMERS + INDUSTRIAL BRAKES 
AUTOMOTIVE BRAKE SYSTEMS—AIR AND HYDRAULIC 





PHEINZE 


PUT IN YOUR DESIGNS 


SUB-FRACTIONAL HORSEPOWER BLOWERS 


DD DOUBLE BLOWER D228 SINGLE BLOWER 
Powered by Type D 

shaded pole induction mo- 

tor. Non-radio and TV in- 

terfering. Draws 35 W on 

115 V, 60 cycle. Delivers 


Powered by Type D shaded pole 
100 cfm (free air) at 3100 


induction motor. Durable plastic 
housing. Draws 15 W on 115 V 

rpm. Furnished with outlet mounting flange; also available 

with flat strap, “L" 


60 cycle. Delivers 17 cfm (free 
air) at 3100 rpm. D214D Double 
Blower is same as D2!/2S except 
that double unit delivers 34 cfm 
(free air) at 3100 rpm. 

Single Blower is same as DD except single unit draws 30 W 


YSD DOUBLE BLOWER 


Powered by Type Y shaded pole 
; inducti tor. SI d mot 
on 115 V, 60 cycle; delivers 55 cfm (free air) at 3200 rpm. a i co tae salainie pon 
assure long bearing life. Draws 45 
W on 115 V, 60 cycle. Delivers 100 
cfm (free air) at 1650 rpm. YSS 
Single Blower is same as YSD ex- 
cept single unit draws 40 W on 
115 V, 60 cycle; delivers 50 cfm 
(free air) at 1650 rpm. 


K SINGLE BLOWER 


Powered by Type K_ universal 
motor. For intermittent duty ap- 
plications, Type K6S and KI2S 
have 6 V, and 12 V ratings, deliver 
75 cfm (free air) at 2300 rpm. 
Type KII5S is rated at 115 V 
AC/DC, delivers 100 cfm (free 
air) at 2800 rpm. 


EPOWER MOTORS 


shape or inlet mounting bracket. DS 


D2D DOUBLE BLOWER 
Powered by Type D 


shaded pole induction mo- 
tor. Durable plastic housing. 


Other voltages and frequencies available on request. 
Quiet. Non-radio or TV in- 
terfering. Draws 15 W on 


RE 
115 V, 60 cycle. Delivers 


25 cfm (free air) at 3200 rpm. D2S Single Blower is same 
as D2D except single unit delivers 10 cfm (free air) at 
3100 rpm. 








SUB-FRACTIONAL 


, TYPE D 


Two pole shaded pole in- 
duction motor. Free speed 
3400 rpm; load speeds 3000 
to 3100 rpm. 1/100 to 1/200 
hp. 115 V, 60 cycle, CW or 
CCW. Other voltiges and 
frequencies available. Two 
stud, flat or saddle strap 
mountings. 


TYPE S 


Skeleton frame 2. pole 
shaded pole induction motor. 
Shaft concentric with OD. 
Speed, voltage and horse- 
power ratings same as Type 


D (above). 
TYPE P 


Low cost single coil 2 
pole induction motor. Free 
speed 3400 rpm; load speed 
3000 rpm. 1/50 to 1/300 hp. 
115 V, 60 cycle. Available 
in various stacks. 


TYPE AR 


Reversible capacitor type. 
Free speed 3300 rpm. 24 V, 
60 cycle operation with 100 
mf condenser. 1/200 hp. 
Other voltages available. 


TYPE AM 


Similar to AR motor except 
hp rating is 1/100. 


TYPE Y 


Four pole shaded pole in- 
duction motor. Free speed 
1700 rpm; load speeds 1400 to 
1700 rpm. 1/30 to 1/200 hp 
2 or 4 stud, flat or saddle 
strap mountings. 


TYPE K 


Series wound Universal mo- 
tor. Load speed 5000 to 7500 
rpm. 1/15 to 1/50 hp. 115 V 
AC/DC, CW, CCW or re- 
versing. Internal or external 
brushes. Variable speed. High 
starting torque. 


TYPE KF 


Similar to Type K except 
for flat sides. Available with 
die cast housing. 





ELECTRIC COMPANY 


685 Lawrence St., Lowell, Mass. 


tAEINZE 
DIVISION OF CONSOLIDATED ELECTRIC LAMP COMPANY 


STANDARD MODELS OR DESIGNED FOR YOUR NEEDS 
H38 
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1 Through 200 H.P. 


All these features at a standard motor price! 


Extra-large ball bearings, sealed to keep 
grease in, dirt out. Need no attention for 
years! 

Insulated coil ends—R & M insulates be- 
tween all coil ends as well as phase groups, 
for 3 to 4 times greater insulating value! 
“Clean-Sweep” Ventilation —R & M motors 


stay cool and clean; high velocity air-flow 
stops build-up of dust and dirt. 
Full-height, shrouded end heads shield the 
motor against moisture and internal 
damage. 

Protected against rust and corrosion —in- 
side and ovt. 


R & M manufactures a complete 
line of Totally Enclosed and Explo- 
sion-Proof motors from 1 through 
40 h.p. Direct Current and Single- 
Phase from 1 through 74 h.p. 





Need A Special Motor? 


3uilding “‘specials’’ to the customer's specifica 
tions is an old story at R & M 
mechanical modifications are no problem. C, 
D, and P flanges, shaft modifications, com 
mercial dynamic and special dynamic balan¢ 
ing—all are readily available to 
And to meet your demands for quick delivery 


electrical and 


your order 
we maintain a complete stock of mechanical 
parts for motors requiring electrical or mechan 
ical modifications 

Engineered motor parts for built-in applica 
tions are another R & M service available to 
you. Our well-qualified staff of motor-applica 
tion specialists will make prompt recommenda 
tions. Call on them now—there is no obligation 











Are you paying extra for motor features 
that are standard with ReM ? 





Of course you want a top-quality 


motor... good performance of 
any motor-driven product de- 
pends on it. But if you’re used to 
thinking of features like extra- 
large ball bearings, extra insula- 
tion and complete rust protec- 
tion as cost-raising motor 
requirements, take an extra look 
at the standard features of R & M 
motors. 

Asa user of motors in quantity, 
naturally you will also want to 
know some of the facts about the 
advantage of having Robbins & 


Myers as a source of supply. For 
example, take delivery. Our com- 
plete stock of mechanical parts 
makes quick delivery of motors 
requiring electrical and mechan- 
ical modifications a matter of 
course. 

These facts are important. In 
short, they mean that R & M is 
big enough to serve—through its 


modern testing and production 
facilities and large staff of appli- 
cation engineers—but not too big 
for service. 


If you want the best possible 
motor performance— backed up 
with prompt service and de- 
liveries—write us today for 
complete information. 


OBEING <= MYERS. inc. 


SPRINGFIELD 99, OHIO © BRANTFORD, ONTARIO 


> # 


Fractional & Integral h p Electric 
Motors & Generators Fans 


oo 
a od) 
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Electric & Hand Moyno 
Hoists & Cranes Pumps 


Ss 


>< 


Propelian Industrial 
Ventilating Equipment 





ESCO 


individually 
designed 


fractional and 


When “standard” won't do, call ESCO. For over 
46 years, ESCO design engineers have met the 
most exacting requirements for over 18,000 dif- 
ferent designs. Every unit specially engineered 
to individual requirements — Mechanical and 


nr 


MOTORS 


(to 30 H.P.) 
Alternating Current 
Squirrel Cage Induction 
Wound Rotor Induction 
Synchronous 

Single Phase 
Polyphase 

Standard Frequencies 
High Frequencies 
Direct Current 

Series 

Shunt 

Compound 

High Voltage 
Standard Voltage 

Low Voltage 

Special Applications 
Torque Motors 

Brake Motors 


CONVERTORS 


(to 20 KW) 
Phase Convertors 
Frequency Convertors 


DYNAMOTORS 


DC to AC 
DC to DC 


integral horsepower 


motors and 
generators 


GENERATOR SETS 


(to 20 KW) 

High Frequency (to 30,000 cy) 
400 Cycle 

Frequency Changers 
Phase Convertors 

Low Voltage DC 

High Voltage DC (5000 V) 
DC to DC; AC to AC 

AC to DC; DC to AC 

High to Low Frequency 
Low to High Frequency 
Telephone Ringing 

Moving Picture 


electrical specifications to order (see below) . . . 
Base, face or flange mounting for any operat- 
ing position . . . Lubricated-for-life bearings . . . 
Every unit dynamically balanced . . . Every unit 
tested under specified load conditions. 


x. 
GENERATORS 


(to 20 KW) 
Alternating Current 
Single Phase 
Polyphase 

Standard Frequency 
High Frequency 
Inductor Alternators 
Permanent Magnet 
Direct Current 

Low Voltage 

Plating 

High Voltage 


DESIGN FACTORS: Every special need is prompted by requirements which 
cannot be met by standard units. As a check list for yourself and to assist our 
engineers in answering your inquiries, please include details of any critical 
requirements listed below: 
ELECTRICAL CHARACTERISTICS: 
MOTORS — Horsepower * Torque * Speed * Duty Cycle * Power Supply 
Voltage * Power Supply Frequency & Phase (AC) 
GENERATORS — Voltage limits or adjustable range * Frequency limits or 
adjustable range (AC) * Watts or KW output * Number of phases (AC) * Load 
Power Factor (AC) * Speed * Type of Driving Motor * Excitation 
MECHANICAL CHARACTERISTICS: Where critical, please indicate size, weight and 
mounting limitations; shaft lengths, keyways or splines, etc.; material; insula- 
tion; finish; environmental conditions or other special requirements. 
Write today for free catalog 56 PD . . . we may already have the particular 
motor or generator you need! 


ane ELECTRIC {8 SPECIALTY © 


eae 
7 
i 170 SOUTH STREET STAMFORD, CONN. 
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Whether its repair or replacement... 








You'll find 


» 








Ford Industrial Engine Service 
is available everywhere ! 


discuss your power requirements with you and make 
sure you get the one right power unit for your job. 
Write to the address below for further information. 


Know why so many industrial power users are 
swinging over to Ford power? One reason is service. 
Ford power users know there’s always a Ford 
Dealer nearby to give service when it’s needed .. . 
to keep downtime at a minimum. And because Ford 
Dealers carry an inventory of the more commonly 
purchased engine parts, the Ford power user need 
never invest in a big parts inventory of his own. 


Also, across the country, you'll find a network of 
newly established Ford Industrial Power Head- 
quarters. Each is equipped to repower any type of 
equipment with dependable, low-cost Ford power. 

It’s the availability of service like this—wherever 
you are—that helps keep your operating costs low. 
If you are considering a new power unit or engine 
assembly —4-, 6- or 8-cylinder—see your Ford In- 
dustrial Products Dealer. He will be very happy to 


INDUSTRIAL ENGINE DEPARTMENT e 





INDUSTRIAL ENGINES 


AND POWER UNITS 


FORD Division of FORD MOTOR COMPANY 


P.O. Box 598, Dearborn, Michigan 


YOUR JOB IS WELL-POWERED WHEN IT’S FORD-POWERED! 


Product Engineering — Mid-October, 1957 


H4! 





We'll Bui 
a MOTO 
fo your 


specifications 
at NO 
OBLIGATION 


Put the Scruggs reputation 
for ingenuity and skill to 
your test. Send us your 
specifications and we’ll 
design a custom motor to fit 
your needs at a standard price. 


For more than twenty years 

Scruggs has concentrated on 

the development of precision 
instruments to fit the specific 

needs of manufacturers. 

High production 

standards allow us to 

produce them at LOYD 
standard costs. SCRUGGS 


You’ll find Scruggs 

motors outstanding in 
construction and lasting 
qualities. Let us “‘tailor 
make”’ a motor to fit 

your needs... write 

Loyd Scruggs Co., Festus, Mo. 


FESTUS, 


Sod Hhonspy COMPANY 


You can stake your reputation 





Catalogs 
and 
Bulletins 





To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(T-1) Servo Motors—Bulletin 385, 8 
pp. Contains data and diagrams on 
custom and standard units. Norden 
Ketay Corp., Commerce Rd., Stam 
ford, Conn 


(T-3) Electric Motor Selector—Book 
let, 12 pp. Contains data on selection 
of motors from 1/20 to 400 hp 
Century Electric Co., 1806 Pine St.. 
St. Louis 3, Mo 


(T-4) Synchronous Timing Motors 
Data sheet 150, 2 pp. Contains data 
on units for timers subjected to tem 
peratures up to 165 F. Lux Clock 
Mfg. Co., 95 Johnson St., Waterbury, 
Conn. 


(T-5) Polyphase Induction Motors 
Bulletin EC-1420, 4 pp. Contains 
application data on dripproof and en- 
closed motors, 1 to 5 hp; frames 182 
215; 208-220/440, or 550 v: 60 
cps. General Electric Co., Schenec 
tady 5, N. Y 


(T-6) Motors For Single-Phase Ap- 
plication—Brochure GEA-6240A, 8 
pp. Illustrates design advantages of 
single-phase capacitor type motors, | 
to 3 hp, 115/230, 60 cps. General 
Electric Co., Schenectady 5, N. Y 


(T-7) Door Operator Motors—Bulle 
tin EA-6299, 4 pp. Gives applica 
tion and design features on units 1/6 
through *4 hp for commercian, in 





dustrial and domestic applications 
General Electric Co., Schenectady § 
N. Y 


(T-8) Worm Motor—Brochure, | p 
Contains data on unit for powering 
small electric appliances. Brevel Prod 
ucts Corp., 601 W. 26 St., New York 
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MORE THAN 
50,000 


DIFFERENT SPECS 
HAVE BEEN FILLED 


BY THESE 6 HOWARD 
UNIVERSAL AND D.C. 
FRACTIONAL H.P. MOTORS 


These 6 Howard motors account for over 

50,000 specifications, both military and com GEAR REDUCTION UNITS 
mercial. One reason for this wide use is 

Howard's ability to produce variations ex 

actly suited to specific needs 


Howard motors have such field-proven en 
gineering features as automatic slot cell inser 
tion, which practically eliminates “grounds;” 
Zanderoll processed double dipped and dou 
ble baked armatures providing deep, uniform 
varnish penetration for high bond strength 
and rock-hard coils minimizing “shorts and 
opens;” improved brushholder construction 
for accurate alignment and longer life; 2 
stage, 3-plane dynamic balancing; and auto 
matic winding for tough compact coils, giving 
uniform performance. 














If you are currently using universal and 
D.C. motors from 1/200th to % H.P., check 
with Howard today. 


ELECTRICAL SPECIFICATIONS 


MODEL IIA MODEL 100 


| 
SERIES SHUNT SERIES SHUNT 
MOTOR MOTOR MOTOR MOTOR 











15M =| 3.5-10M 
































1.6 at 24V 











5 at 24V 





























12-230 














cw. cow, | Cw. ccw, cw, COW, | CW, COW 
REV | REV REV REV 


Maximum H.P. ratings are shown. Variations are available for less power to meet application requirements. 


UNIVERSAL & D.C. 1/200 to 1/2 h.p. + SHADED POLE 1/2000 


Other Howard motors: { nouctioN 1/1400 to 1/8 hp. » SERVO MOTORS - GEAR MOTORS - BLOWERS 


HOWARD INDUSTRIES, INC.,17S50 STATE ST., RACINE, WIS., TELETYPE: RAC 344 


208 S. La Salle St., Chicago 4 
Sales Offices 942 S. La Brea Ave., Los Angeles 36 
} Room 4822, Empire State Bidg., New York! 
§ 300 Broodway, Comden, New Jersey 


DIVISIONS: (EMO ELECTRIC MOTOR CORPORATION @ crcronm MOTOR CORPORATION >) RACINE ELECTRIC PRODUCTS 
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ont AIR COOLED 
3 ENGINES Eg 
5.5 Hi. P. single cylinder, gasoline powered 


MODEL AJ 


A compact, rugged, high-performance 
engine developing 5.5 H.P. at 3600 R.P.M. 
For heavier-duty applications on construc- 
tion machinery, farm and garden equip- 
ment and similar products. Four-cycle; 
air-cooled; L-head; vertical cylinder; 234” 
bore; 244" stroke; 14.9 cubic inch piston 
displacement; 6.25:1 compression ratio. 
High tension magneto ignition. Mounted 
fuel tank and muffler. Manual pull-rope 
starting (recoil orelectric starting optional) 





Overall dimensions: Length (incl. shoft) 14 
5/32"; Height (with tank) 20"; Width 
20-3/16"; Weight (Dry with accessories 85 
pounds. Crankshaft ext., 2-25/32" x 1” diam 


12.9 Hi. P. two-cylinder, gasoline powered 


mopeEL CCK 


Horizontal, two-cylinder opposed design 
gives exceptionally smooth, quiet opera- 
tion. Develops 12.9 H.P. with accessories 
at 2700 R.P.M. Pressure air-cooled; 4- 
cycle; 344” bore; 3” stroke; 50 cubic-inch 
piston displacement; 5.5:1 compression 
ratio. Extra-large bearing surfaces; high 
tension magneto ignition; governor regula- 
tion within 5°. Full pressure lubrication. 
Optional starting methods. 














Overall dimensions: Length (incl. shaft) 14%"; 
Width 192"; Height 21-3 16” Weight (Dry, 
with std. accessories) 148 pounds. Crankshaft 
extension, 2-13/16" long, 12” diameter 


15S Hi. P. two-cylinder, air-cooled Diesel 
MODEL DRP 


Heavy duty performance with economy 
and safety. Electric starting; horizontal, 
2-cylinder opposed design; develops 15 
H.P. with accessories at 2300 R.P.M.; 4- 
cycle; 344” bore; 344” stroke; 67.3 cubic- 
inch piston displacement; 17.3:1 compres- 
sion ratio; forged steel crankshaft and 
connecting rods; extra-large bearing sur- 
faces; Stellite exhaust valves and seats; 
pressure lubrication; 12-volt generator. 














Overall dimensions: Length (incl. shaft) 26- 
1/16"; Height 28", Width 30%". Weight (Dry, 
with accessories) 516 pounds. Flywheel for disc- 
drive . or crankshaft extension. 











Onan engines are available which will meet all requirements of, or are in 
conformance with, military specification MIL-E-11275. 


Write for complete specifications 


D.W. ONAN & SONS INC. 





3825 University Ave. S.E., Minneapolis 14, Minnesota PRODUCTS 


ELECTRIC PLANTS «+ AIR-COOLED ENGINES + GENERATORS © KAB KOOLER 





Catalogs and Bulletins continued 


(T-9) A-c Motor—Bulletin, | p. Con 
tains data on 900 frame unit. Induc 
tion Motors Corp., 570 Main St 
Westbury, N. Y. 


(T-10) Precision Instruments and 
Servo Parts—Catalog 11, 128 pp 
Contains data and diagrams on gears, 
couplings, screws, bearings and pul- 
leys. PI Design Corp., 477 Atlantic 
Ave., E. Rockaway, L. I., N. Y. 


(T-11) Governors for Torque Con- 
verter—Brochure, 8 pp. Has descrip- 
tion diagrams and pictures of torque 
converter governors. Pierce Governor 


Co., Anderson, Ind. 


(T-12) Control Systems—Catalog SF- 
9901, 16 pp. Describes the various 
systems, equipment and components 
manufactured by Servo Corp. of 
America, 20-20 Jericho Trnpk, New 
Hyde Park, N. Y. 


(T-13) Geared and Shaded Pole Mo- 
tors—Catalog, 12 pp. Contains dia- 
grams, data and characteristics charts. 
Loyd Scruggs Co. Festus, Mo. 


(T-14) Remote Positioning Controls 
Bulletin J-100, 8 pp. Contains data on 
electrical units for both pushbutton 
and automatic operation. Jordan Co., 
Inc., 3235 W. Hampton Ave., Mil- 
waukee 9, Wis. 


(T-15) Motors and Generators—C ata- 
log, 72 pp. Includes data, tables and 
charts on squirrel cage horizontal, 
multi-speed, wound rotor, vertical 
solid shaft, and special purpose and 
brake motors. Marble-Card Electric 
Corp., Gladstone, Mich. 


(T-16) Electric Motors—Chart aids in 
election of fhp motors. Howard In- 
dustries Inc., Racine, Wis. 


(T-17) Open Drip-Proof Motor—Bul- 
letin 51B6210G, 5 pp. Contains data 
and charts on motors in NEMA re- 
ated ratings of 42 to 40 hp and in 
non-rerated ratings of 4% to 100 hp 
Allis--Chalmers Mfg. Co., 1002 § 
70th St., Milwaukee, Wis. 


(T-18) Canned Motor Pump—Bu!!etin 
1060, 4 pp, describes pump less than 
8 in. long, mounting directly in the 
pipeline. Chempump Corp. Station N, 
1300 E. Mermaid Lane, Philadelphia 
18, Pa. 
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=f oa % » Smallest 
ed, 
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efficient 


They look like twins... 
but one is synchronous 





Louis Allis “SYNCRO-SPEDE’”’* offers...for the first time...a synchronous 
motor in the same frame sizes as a standard induction motor 


New from Louis Allis — the most compact and effi- 
cient synchronous induction motor on the market 
... the revolutionary “Syncro-Spede.” It’s the only 
synchronous motor built in standard NEMA frames 
for comparable ratings in any enclosure. 


The space-saving “Syncro-Spede” has no external 
excitation, wound rotating fields, collector rings or 
brushes—offers simplified control and low-cost oper- 
ation. And it’s virtually maintenance-free. 


, 


In performance, “Syncro-Spede” delivers and main- 
tains exact synchronous speed within its rated ca- 
pacity, regardless of load variations or voltage dips. 
When “Syncro-Spede” motors of several different 
ratings are powered by a single adjustable-frequency 


***Syncro-Spede'"’ is o trademark of the Louis Allis Co 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE 
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source, their acceleration, running speed, and decel- 
eration can be synchronized. 

““Syncro-Spede”’ is the low-cost answer to such 
demanding synchronous applications as precise ad- 
justable-frequency multi-motor systems ... high-fre- 
quency generator drives and constant-speed convey- 
or drives . . . precision timing and metering devices 
. . . recording instrument drives . . . any system 
requiring constant speeds from no-load to full-load. 
“Syncro-Spede” sizes range up to 100 hp. For in- 
formation and expert application engineering as- 
sistance, contact your nearby Louis Allis District 
Office or write directly to The Louis Allis Company, 


458 East Stewart Street, Milwaukee 1, Wisconsin. 


LOUIS ALLIS 


SPEED DRIVES 


H45 





Seen 


THE MARK OF QUALITY 


Cmall 
Motors 


condensed catalog helps select exact motor needed 


BARBER 
COLMAN 


Get this helpful catalog of Barber- Colman 
a-c shaded pole motors. Designed 

for applications requiring long 

life, rugged construction, these 

quality motors with high start- 

ing torque, low-inertia rotors 

prov ide quick, positive starting un- 

der adverse conditions. Various models 

of the four types shown below. 


REVERSIBLE MOTORS 


Adaptable to a variety of control 
circuits to meet many different 
requirements demanding a compact 
and powerful fast-reversing motor. 
Widely used for servo-mechanisms, 
remote switching and positioning 
devices, voltage regulators, pen 
drives. Available with gear trains, 
open or enclosed, in wide range of 
ratios. Low-inertia rotors permitting 
rapid reversing and follow-up make 
these motors ideal for many elec- 
tronic control circuits. 


wv 


UNIDIRECTIONAL SYNCHRONOUS GEARED 
For chart drives, timers, For vending and office 
microfilm cameras, oscil- machines, rotisseries, TV 
lographs, and similar ap- tuner program switches, 
plications etc. Model shown for over- 
hanging loads 


the complete line of Barber-Colman motors includes uni- 
directional, synchronous, and reversible motors — up to 1/20 
hp. With and without reduction gearing — open or enclosed 
types. Expert engineering service available to help you get the 
exact motor for your application. Write today for your free 


copy of Caralog F-4271-7. 


BARBER-COLMAN COMPANY 
Dept. V, 1212 Rock Street, Rockford, Illinois. 


Smal! Motors eAutomatic Controls.!ndustrial Instruments eAircraft Controls Air Distribution Products 
Overdoors and Operators « Molded Products + Metal Cutting Tools «Machine Tools . Textile Machinery 


Catalogs and Bulletins continued 


(T-19) Linear and Angular Micro- 
Positioning Systems—Bulletin 819, 12 
pp. Contains data on an electronic 
automatic machine tool control cap- 
able of automatically positioning the 
carriage of a machine tool with a 
maximum linear error of 0.0001 in. 
or positioning a rotational member 
with a maximum angular error of 5 
sec of arc. Farrand Controls, Inc., 
4401 Bronx Blvd., New York 70, N.Y. 


(T-20) Motors—Bulletin GED 2020- 
B, 16 pp. Contains information on 
how to choose the correct fhp motor 
for farm, home, and shop jobs 
General Electric Co., Schenectady 5, 
N. Y. 


(T-21) Repulsion-Induction Motors— 
Bulletin SDA 163 A. 2 pp. Contains 
data on single phase motor produced 
in sizes from %4 to 7% hp; 1150 
to 1750 rpm; 60-50 cycles. Peerless 
Electric Co., Market St., Warren, Ohio. 


(T-22) D-c Motors—Bulletin, 6 pp 
Contains data on 42 through 200 hp 
motors and motor-generator sets up 
through 200-kw output. Allis-Chal- 
mers Mfg. Co., 1002 S. 70 St., Mil- 
waukee, Wis. 


(T-23) Fhp Motors—Data sheet, 2 pp 
Contains information on 1/300-1/4 
hp motors from 2-230 v. Boehm Co., 
Merrick, L. I., N. Y. 


(T-24) Torque Motors—Bulletin BAW 
56, 8 pp. Contains data and dia- 
grams on special motors and collector 
rings for completing electric circuits 
between stationary and rotating parts 
B. A. Wesche Electric Co., 1623 
Vine St., Cincinnati 10, Ohio. 


(1-25) Synchronous Induction Motor 

Bulletin, 4 pp. Contains data on unit 
for applications from %4 to 40 hp 
Allis-Chalmers Mfg. Co., 1002 S. 70 
St., Milwaukee, Wis. 


(T-26) Gear Motors—Bulletin GEA- 
6133A, 8 pp. Contains data, dimen- 
sions and ratings. General Electric Co., 
Schenectady 5, N. Y. 


(T-27) Explosion-Proof Motor—Bul- 
letin 51B7286G, 5 pp. Contains data 
and charts on motors in NEMA re- 
rated ratings of % to 30 hp and in 
non-rerated ratings of 42 to 100 hp. 
Allis-Chalmers Mfg. Co., 1002 §S 
70th St., Milwaukee, Wis. 
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4-cycle-short stroke: air-cooled 


On-the-job reliability 


Kohler engines, in sizes 2 to 24 horsepower, conservatively rated, 
provide power for a wide range of applications. They are engi- 
neered for heavy duty, staunch service, and easy starting. Short- 
stroke design in each model and size insures smoothness and 
durability. 

The Kohler name is your assurance of quality. Kohler engines 
power Kohler electric plants, known for reliability the world over 
for thirty-seven years. 

Write for catalog with information about the Kohler engine 


and its many uses. 





KOHLER Co. Established 1873 KOHLER, Wis. 


KOHLER or KOHLER 


PLUMBING FIXTURES + HEATING EQUIPMENT + ELECTRIC PLANTS + AIR COOLED ENGINES + PRECISION CONTROLS 
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Molon aa 
Wir 


TYPE 26M { wwe 
GEARMOTOR SPECIFICATIONS 
(LONG MOUNTING) 


SKELETON 
TYPE 


iy p 
=o = oe / 


TYPE YGM 


TYPE XGM GEARMOTOR 
SPECIAL 

GEARMOTOR Molon’s engineers will help you deter- 
mine exactly the right motor for your 
specific requirements. No obligation. 
Send specs for our recommendations 
and low prices. 


Molon Motor and Coil Corp. 


2432 WEST GEORGE STREET . CHICAGO 18, ILLINOIS 


FHP motors... engineered 

A especially 
for your 
product 


The new RAE M-20 or M-100 Motor. Ven 
tilated or enclosed. Designed for quality 
but not expensive. Strong, rugged costing 
Bal! or sleeve bearings. Can be used with 
ony of RAE's geor units 
Winding — 
M-20 — Universal or Shunt 
M.100—Permanent Magnet (DC Shunt) 
Voltage — 6 to 220 AC/DC or DC Shunt mo Tt ors 
Mox. H. P. — 1/30 Continuous 
Weight — Approx. 2 Ibs 
RAE engineers are recognized specialists in solving 
difficult FHP motor applications. By careful analysis 
and testing of your product they can save you time 


) 7 , | and money in selecting the right motor 
9 4 RAE offers outstanding service and quality in a 
h MUNG large variety of motors Available in voltages up to 


250, and up to 16 H.-P. (higher for intermittent 
. duty) with many gearhead motor combinations 
Designed to your requirements Find out how RAE motors can improve your prod- 
uct and reduce costs as they are doing for other 
@ MISSILE FIRE CONTROLS leading manufacturers 
tela 4 had) | eee) ba te) es *Send for the ‘‘RAE"’ Engineering Data Sheet. It will help you 


: supply the data necessary for recommendations and prices 
@ CAMERA CONTROL SYSTEMS 
+ 


SEQUENCE PROGRAMMING AC/DC Universal * DC Shunt Wound + 
DC Series Wound * Gear Reduction 
sa “4 MOTOR CORP. Motors * Governor Controlled Motors * 
Motors for Rheostat Control * Motors for 
(MSTROMENT CORP 


sanniee we. 2009 Kewaunte Street Electronic Control ° Permanent Magnet 
mcnréan of 
. Racine, Wisconsin Motors and Gearmotors 
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the jeep line of rugged industrial engines 
.... for all your 20 to 65 
continuous duty H.P. needs! 


These three ‘Jeep’ Industrial Engines are used 
power applications from railroad switc 
trucks, to municipal street cleaners. They p 
recent engine designs available. They have 
outlasts and outeconomizes any engine of 
Many of the ‘Jeep’ qual 


ty sta 
\y oid 
engines. And, yet the ‘Jeep’ e 


less than others! Send for complete details 


‘Jeep’ Model 4F and Model 4L 


The 4 cylinder “F” head model is a unique engine com 
bining the power and smoothness of a six, with the 
economy of a four. The “L” head design is a widely 
used industrial modification of the rugged wartime 
‘Jeep’ engines. 

CONTINUOUS DUTY HP RANGE: 20-55 

CONTINUOUS DUTY TORQUE RANGE: 78-89 ft. lbs 

FEATURES: Positive value rotators, Positive Crank 


case Ventilation, Stellite Valves, Full Chrome 
Rings, Counter weighted crankshaft 


Heavy Duty ‘Jeep’ 6 


Torque in this ‘Jeep’ design peaks at 1200 rpm., and falls 
off only 11 ft. lbs. thru its entire speed range. This fea 
ture makes the Jeep ‘6’ ideally suited to tractors, road 
building equipment, industrial trucks and other appli 
cations where high torque at low speed is required. 
CONTINUOUS DUTY HP RANGE: 32-65 

CONTINUOUS DUTY TORQUE RANGE: 143-132 ft. lbs 

FEATURES: Positive Valve Rotators, Stellite Valves 

and Inserts, New premium bearings of Moraine 


Durex, Four-ring Pistons with 2 full chrome rings 


Willys Industrial Engine Dept. 
can provide you with a full line 
of standard accessories and com- 
plete power units. Pilot models 
are available for testing. Write 
for further information. 


WILLYS MOTORS INC. - Industrial Engine Dept. - Toledo, Ohio 
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Why You Should 


Specify. ‘ 


MOTORS & GENERATORS 


Dependabllity 


accepted by Leading National Manufacturers 


Wide Rauge of Sczee 


motors 1/20 H.P. to 2500 H.P. Generators 2 K.W. to 2000 K.W. 
Built to Your Specifications 


Nationnide Senutce 


A Service Station and District Office is near you 


FRACTIONAL H.P. MOTORS NEW NEMA INTEGRAL HP MOTORS 
General Purpose Provide 4 in | Protection: 
1/20 HP-up From Stock Drip-proof . . . Splash-proof 
Special Purpose Weother Protected . Guarded 
Built to YOUR Specifications All at Open Motor Prices 


TOTALLY ENCLOSED FAN-COOLED LARGE APPARATUS 


MOTORS Synchronous & Wound Rotor Motors 
Ribbed Frame Construction Generators AC, DC, Hi-Frequency 
Cool, Clean, Efficient Motor-Generator Sets 
Explosion Proof Ratings to 250 HP Automotor-Adjustable Speed Drives 


Corry This SEE Lobe! 


SINCE 1913 


MARATHON ELECTRIC 


HOME OFFICE AND FACTORY, WAUSAU, WIS. @ FACTORIES AT ERIE, PA. AND EARLVILLE, ILL. 


® 


SALES OFFICES IN PRINCIPAL CITIES 


Catalogs and Bulletins continued 


(T-28) Shaded-Pole Motors—Booklet 
FA6134A, 12 pp. Describes mows 
for fan and blower applications in rat- 
ings 1.5 w through % hp. General 
Electric Co., Schenectady 5, N. Y. 


(T-29) Electric Motors—Catalog, 20 
pp. Contains diagrams and charts on 
normal speed motors, geared motors, 
variable speed transmissions and speed 
reducers. Sterling Electric Motors, 
Inc., 5401 Telegraph Rd., Los Angeles 
22, Calif. 


(T-30) Electric Motors—Bulletin B- 
2103-1, 12 pp. Contains information 
o nhow to select a-c motors. Reliance 
Electric and Engineering Co., 1088 
Ivanhoe Rd., Cleveland 10, Ohio 


(T-31) Motor Selector—Chart. Con- 
tains information on the selection of 
fractional hp motors from 1/2000 to 
4% hp. Howard Industries, Inc., 
Racine, Wis. 


(T-32) Sub-Fhp Motors and Blowers 

Folder, 4 pp. contains ratings, 
torques, speeds, dimensions § and 
weights. Fairchild Industries, 110 Main 
St., Burlington, Vt. 


(T-33) Right-Angle Gearmotor—Book- 
let B-6579, 4 pp. describes gearmotor 
for applications requiring 1 to 30 hp. 
Westinghouse Electric Corp., P. O. 
Box 2099, Pittsburgh 30, Pa. 


(T-34) Fhp Permanent Magnet Motors 
—Catalog F4344-3, 4 pp, describes 
motors, gearheads, centrifugal blowers, 
and tachometer generators. Barber- 
Colman Co., 1400 Rock St., Rock- 
ford, Ii. 


(T-35) Canned Motor Pumps—Bul- 
letin 1050, 4 pp, has performance 
curves, dimensions, principles of con- 
struction and operation, cut-away 
views, materials available, power re- 
quirements. Chem-pump Corp., Sta- 
tion M, 1300 E. Mermaid Lane, 
Philadelphia 18, Pa 


(T-36) Electric Motors—Technical 
data sheet, 1 pp, has dimensions and 
reference drawings for motors in the 
new NEMA standard sizes. Acec Elec- 
tric Corp., 40 E. 49th St., New York. 


(T-37) Motor Drives—Bulletin 1610- 
B1P, 8 pp. Contains information on 
drives ranging from % to 25 hp. 
Worthington Corp., Harrison, N. J. 
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Complete motors or matched motor parts— 
either standard or custom-designed. In either 
case R & M engineers help you select the 
right motor for your job. 


Helping You Get the Right 


FHP Motor 


Is Important Business—at R&M 


HE MOST important single factor in 
assuring dependable motor perform- 
ance is to get the right motor for the job! 


The motor must be matched to your prod- 
uct’s requirements. If it is, you can install 
the motor and forget it. If it is not, you'll 
hear—unfavorably—from your customer, 
That's why R & M engineers make such an 
issue of getting the right motor for your 
product. 

R & M offers a wide variety of fractional- 
horsepower motors and matched motor 
parts. But you may have special require- 
ments that a standard motor won't meet. 
If so, we'd rather design a special motor to 
meet these requirements than see you get 
an “off-the-shelf” compromise. 


We Custom-Design— 
Economically 


Ordinarily, custom-designing is a slow, ex- 
pensive process. Here at R & M things are 
different. We have designed the unique 
R & M “Electrical Slide Rule.” This is a 
motor-performance computer that, in a 
matter of minutes, gives the designer the 
answers to a complicated set of formulas 
that usually takes days—even weeks—to 
work out. Naturally it’s to your benefit as 
well as ours to offer this service. 

Our small motors have a gratifyingly low 
failure raté. We do some special things to 
assure this—diamond-turned commutators, 
special varnish impregnation, glass insula- 
tion where temperatures require, and so on, 


gm ¢ &. 


Many Satisfied U 

R & M’s satisfied customer list includes 
such well-known names as Skil, Buckeye, 
Kiekhaefer Corp., and Monarch Machine 
Tool. For IBM typewriters we designed a 
motor that had to meet a “‘can’t-be-done” 
situation. It had to have lots of torque and 
power, run cool and silent, and occupy a 
minimum of cramped space. As a result of 
the satisfaction with R & M’s design in the 
typewriter, IBM now uses 19 R & M motors 
in its electronic computer. 

In its high-speed grinder, Skil needed a 
motor that would provide plenty of power 
over long periods without overheating and 
give long service. Skil continues to use 
R & M motors—in drills, hedge-trimmers, 
saws, sanders, and many other products. 


Get Con let Infor +¢ ; 


R & M motors meet tough requirements in a 
wide variety of products, from office appliances 
to machine tools. We feel well qualified to help 
you. It won't cost anything to find out. Out- 
line your requirements—we'll work with you— 
in confidence, of course. Drop us a line, or call 
the nearest R & M office. 


’ 


standard or special heat- 
resistant glass insulation 


special varnish 
impregnoat on 


dynamically 
balanced 


ormotures 
diamond turned ~ 


commutators 


' Th 


Write for those you'd like to have 
Motor Parts for 
Portable Tools 
Universal Motors 
Capacitor Motors 
Polyphase Motors 
R & M All-Weather 
Motors—vup to 
200 Horsepower 


“All-Weather” is on R & M trademork 


ROEEINS = M an NC. 


MOTOR DIVISION: SPRINGFIELD, OHIO * BRANTFORD, ONTARIO 


—~. 


Pa 


Fractional and Household 
Integral HP motors Fans 
from 1/200 to 200 HP 


Hoists and 
Cranes 


‘ 


~~ 


Large and Small 
Moyno Pumps 


Propellair Industrial 
Ventilating Equipment 





the Best Brake yet 
for Hazardous 
Locations 


the new DINGS 


hazardous-location 
Ach i gale 
DISC BRAKE 


Approved by 
UNDERWRITERS LABORATORIES 
Class I, Group C Class I, Group D Class II, Groups E, F, G 
Explosive atmospheres Atmospheres containing Atmospheres containing 
containing ethy! ether gasoline, benzine, pro- metal dusts; cool or 
vapors, ethylene, or pone, alcohol, lacquer coke dust; flour, starch 
cyclopropane solvent vapors, etc or grain dust, etc. 


Now you can get the best brake on the market to protect men 
and machinery in three classes of hazardous locations. Dings ““707” 
Series Hazardous-Location Magnetic Disc Brakes are built to 
withstand an internal explosion within Underwriters Laboratories 
limiting requirements for Class I, Group D hazardous locations. 
Dings “709” Series also meets hazardous location requirements 
and, in addition, contains a thermal release which automatically 
releases the brake if the housing temperature approaches the limit 
set by U. L. for possible ignition of gases, vapors or various dusts 
included in Class I, Group C or Class II, Groups E, F and G. 


Dings new Hazardous-Location Brakes are designed with all 
the outstanding advantages that make Dings Magnetic Disc 
Brakes first choice of Motor Manufacturers for either motor 
mounting or foot mounting. 


check the complete line of 
DINGS direct-acting MAGNETIC DISC BRAKES 


Eighteen models, with a torque range of 114 to 
175 lbs. ft., meet every requirement, are designed 
for mounting on all old and new re-rated NEMA 
type “C” motor flanges and to accommodate stand- 
ard NEMA shaft extensions. 


“THRU-SHAFT” applications for facilitating di- 
rect coupling, use of hand cranks, tachometer, plug- 
ging switch, pulleys, etc., are easily accomplished 
by a simple modification of the cover. 


Always specify Dings Brakes from your regular motor supplier . . . or 
take advantage of Dings complete engineering service for your brake 
problems. Write for details today. 


DINGS BRAKES, Inc. — 


A Subsidiary of Dings Magnetic Separator Co. 
4715 West Electric Ave. 
Milwaukee 46, Wis. 





Catalogs and Bulletins continued 


(1-38) Trip Controls—Catalog 65a, 
1l pp, describes electric clutch con- 
trols for industrial machinery, Micro 
Swith, Freeport, Ill. 


(T-39) Explosion-proof Motors—Bul- 
letin GEA-6341, 8 pp, discusses de- 
design and maintenance of induction 
motors, | through 30 hp, for use in 
hazardous locations. General Electric 
Co., Schenectady 5, N. Y. 


(T-40) Motors and Generators 
Folder, 4 pp, describes drives of 1/6 
to 125 hp. Marble-Card Electric Corp., 
Gladstone, Mich. 


(T-41) Electric Motors—Bulletin, 7 
pp. Contains diagrams, pictures and 
data. U. S. Electrical Motors Inc., 
Milford, Conn. 


(T-42) Photoelectric Controls—Bulle- 
tin PA 561, 24 pp. Contains specifica- 
tions, descriptive data and operational 
charts on photoelectric systems for 
industrial control applications. Elec- 
tronics Corp. of America, | Memorial 
Dr., Cambridge 42, Mass 


(T-43) Motors—Bulletin GEC 1026A, 
10 pp. Contains data, ratings and 
prices for fhp, integral-horsepower 
polphase and single phase induction 
motors. General Electric Co., Schenec- 
tady 5, N. Y. 


(T-44) 400 Cycle, ac Motor—Bulletin 
X1170, 2 pp. Contains diagrams and 
data. Globe Industries Inc., 1784 
Stanley Ave., Dayton 4, Ohio 


(T-45) Adjustable Sequence Timer 

Bulletin 323, 4 pp. Contains diagrams 
and data on multipulse repeat cycle 
timer. Eagle Signal Corp., Moline, Ill. 


(T-46) Motors—Bulletin 51B722S5D, 
5 pp. Contains data and charts on 
totally-enclosed, fan-cooled motors in 
NEMA rerated ratings of 42 to 30 hp 
and in non-rerated ratings of 42 to 100 
hp. Allis-Chalmers Mfg. Co., 1002 S 
70th St., Milwaukee, Wis. 


(T-47) Supercharger—Brochure, 4 pp 
Contains diagrams, data and charts 


Miehle-Dexter Supercharger, 100 4 
St., Racine, Wis. 


(T-48) D-C Motor—Data sheet, | pp. 
Contains data on fhp unit. Induction 
Motors Corp., 570 Main St., West- 
bury, N. Y. 
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Performance through Precision 


fans - motors - blowers 
Adaptability through Variety 


C 2364-1 : A 15B8D-11 
Voltage m5SVv Voltage Voltage 1m5sv 
Frequency 400 cps Frequency Frequency 60 cps 


Al Botwery ry @ 0° S.P. mad 0° oz. at 21 RPM Aus Detivory 70 CRM @ 0" S.P years-ahead 
7 Te Tae gar.” 3k wtaa engineering... 


ep ~ Air Marine Motors 
™’, equipment features 
==> stainless steel 
= thru-bolts . . . die-cast 


aluminum housings... 


riveted stators... 
B 1324-1 M 06C-1 B 10CF-3 i ’ 
Voltage 15Vv Voltage 15 Voltage 208 V positive bearing 
Frequency 60 cps Frequency 400 cps Frequency 400 cps . . 
Phees Phase Skene Sinn alignment... uniform 


Single Single 
Air Delivery 125 CFM @ 0’ S.P. Speed 11,000 RPM Speed 5600 RPM air gap... ball 
see ee ee eer awe ew ee @ eee @ @ @ @ @ @ @ @ bearings .. . shock and 
vibration resistance . .. 
humidity and fungus 
resistance ... 
omni-position 
mountings... 
temperature 
lubrication. 
B 1221-7 F 1343-1 C-2241-2 
Voltage 15v Voltage 208 V nee aap Vv 
60 requency cps . 

meena ae ania an Phase Single b AIR MARINE MOTORS equipment 
Speed 3400 RPM Air Delivery 720 CFM at 0” S.P. Air 140 CFM @ 0°’ S.P. NAFM ; ; 
Air 495 CFM at 0” S.P. Delivery 48 CFM @ .6"S.P.NAFM | will meet virtually all your 
Delivery 305 CFM at .4"° S.P. 5 ‘ 
sub-fractional power requirements 
and AN specifications. 
Write for specific information and brochure about any 

of these units, or for the complete catalog . . . and use 


the Air Marine advisory services without obligation. 





~ > a 
air-marine motors, inc. 


369 Bayview Avenue, Amityville, L. 1., N. ¥Y. © AMityville 4-3700 
West Coast Factory: 2055 Pontius Avenue, Los Angeles 25, Calif. 
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recjsjOn 


937-GH 
(Size 10) 


minjature 


750-GH 
(Size 8) 


eatheads 


1062-GHA 
(Size 11) 


BOW MAR 


e Bowmar Instrument Corpor- 
ation engineers and produces 
custom miniature and subminia- 
ture gearheads for the nation’s 
newest defense and industrial 
control systems. Product quality 
and delivery schedules are un- 
paralleled in the industry. When 
these precision components are 
required, you will find that 
Bowmar is the one source best 
fitted to assist in their design 
and manufacture. 


PRECISION SPEED REDUCERS, GEAR 
HEADS, MECHANICAL COUNTERS AND 
ELECTROMECHANICAL ASSEMBLIES 


Coumar 


INSTRUMENT CORPORATION 
2416 Pennsylvania St. + Ft. Wayne, Ind. 








Gearmotors for 


MOTION AT LOW SPEED 


And Special Electrical Equipment 


@ Speed 1 to 200 RPM 

@ Power 5 to 500 in. ozs. 
@ Five basic sizes 

@ Machine cut gears 

@ Finish ground shafts 

®@ Semi-oilless bearings 

®@ Continuous or intermittent 
@ Special features available 
@ Millions in use 

@ Prompt delivery 

®@ Ask for our literature 


esenennitl 


Motoresearch also designs 
} and produces high frequency 
motors, generators, rectifier 
4 type power supplies and other 
Special Electrical Equipment 
We invite your inquiries 


[TM fatoresen Compe) 


Designers and Manufacturers of 


SPECIAL INDUCTION MOTORS 











DONT TAKE THE CHANCE 
OF MISSING AN ISSUE 


You can now have your own subscription 
to the magazine of Design, Research, and 
Development. 


Fill in and mail the coupon below to have 
PRODUCT ENGINEERING delivered direct 


to you every week. 


Subscription Department 
PRODUCT ENGINEERING 
McGraw-Hill Building 
New York 36, N. Y. 


Please start my subscription to 
PRODUCT ENGINEERING at once 


U. S. Prices C] 1 year $5 2 years $8 
Name Title 
Company 
Address 
City 
State 


D1057 
[] Check enclosed Bill me Bill company 
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USE TIME-SAVING 
COUPONS BELOW 


. .. to request further information on 


all products advertised in this Digest Section 


- - . to request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- 
ning on page 15, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manufacturers of 
this type of product. 


Circle these numbers for further information about 
advertisers appearing in this section (H) 


H28-9 H30-1 H32-3 H34-5 H36-7 H38 H39 H40 H41 
H42 H43 H44 H45 H46 H47 HT48 HBL48 HBR4AS 
H49 HS50 HS51 jHS2 %HS3 HLS4 HT54 


Circle these numbers for your copy of bulletins 
listed in this section (H) 


T1 T2 T3 4 TS 
712 14 
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NAME 
COMPANY 
BUSINESS ADDRESS 


CITY, STATE 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING’s Design Digest Issue, and page num- 
ber of the advertisement prompting your letter. 


Circle these numbers for further information about 
advertisers appearing in this section (H) 


H28-9 H30-1 H32-3 H34-5 H36-7 H38 H39 H40 H41 
H42 H43 H44 H45 H46 H47 HT48 HBL48 HBR4AS 


H49 HS50 HS51 jHS52 j%4HS53 HLS4 HT54 


Circle these numbers for your copy of bulletins 
listed in this section (H) 


T1 T2 T3 4 TS 
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NEW BOOKS 
Electrical and Electronic Components 





Mechanical Design for Electronics 
Production by John M. Carroll, 
Assoc. Editor, Electronics. 61% x 91% 
in., 348 pp. Published by McGraw- 
Hill Book Co., Inc., 330 W. 42 St., 
New York 36, N. Y. $6.50. 


This book is based on a series of 
articles in Electronics which presented 
information needed by electrical, me- 
chanical, manufacturing, and electronic 
engineers and has a great deal of in- 
formation concerning the design and 
manufacture of devices using electron 
tubes and transistors. 

Included are: processes and mate- 
rials, mechanical layout of equipment, 
sheet-metal work, machining opera- 
tions, electric and magnetic shielding, 
use of resins and other sealing com- 
pounds, mechanisms and electric mo- 
tors, nonelectrical acceptance tests 
required for government equipment, 
and the application of human engi- 
neering factors to control panel design 

Other subjects included are: mech- 
anized assembly, modular design and 
efficient equipment packaging, proper- 
ties and application notes for special 
plastic compounds, techniques of 
etched wiring and dip soldering, and 
advances in design of equipment to 
withstand vibration, shock, high tem- 
peratures and humidity. 


Electronic Components Handbook. 
Edited by Keith Henney & Craig 
Walsh, Technical Writing Service, 
McGraw-Hill Book Co., prepared 
for Electronic Components Labora- 
tory, Wright Air Development 
Center. 812 x 11 in., 224 pp. Pub- 
lished by McGraw-Hill Publishing 
Co., 330 W. 42 St., N. Y. 36, N. Y. 
$9. 


This book gives a general descrip- 
tion of all types of resistors, capacitors, 
relays, and switches and describes the 
uses of particular types. The effect of 
unfavorable environment such as heat, 
humidity, high altitude, low pressure, 
shock, vibration, on each type of com- 
ponent is discussed. 

The book concentrates on those 
“standard” parts which the designer 


H56 


and manufacturer of military equip- 
ment can specify and include in equip- 
ment without special permission. 

A digest of the military specifica- 
tions covering each kind of each com- 
ponent is included, indicating aspects 
of the component controlled by the 
specification and those which are not 
Tests required for the components to 
pass inspection, what the tests reveal, 
and how to make them, are tabulated 
in extensive tables. 


Analysis of 1956 National Electri- 
cal Code. Compiled by H. P. Mich- 
ener, NEMA _ Engineering and 
Safety Regulation Dept. 434 x7 in., 
45 pp., paper-bound. Published by 
National Electrical Manufacturers 
Assn., 155 E. 44 St., New York 17, 
N. Y. $0.25. 


This book describes changes which 
have occurred in the code since the 
1953 edition. Where the reason for 
the revision may not be obvious, a 
brief explanation is given. 

There have been a number of recent 
changes of importance, including new 
tables for aluminum 
vised running currents for d-c motors 
to 3 hp and for single-phase motors 


conductors, re- 


to 114 hp, new definitions of service 
entrance conductors, recognition of 
90 C rubber-covered wire and 
further extension grounding type re- 
ceptacles for portable equipment. All 
of these and many other revisions are 
analyzed in this edition of the up- 
dated electrical code. 


new 


Printed Circuit Electronic Assem- 
blies. PB 121163, E. Aldred, L. 
Broderick, C. Everhart, M. Hine- 
baugh, P. R. Mallory & Co., Inc., 
Indianapolis, Ind. 81/2 x 11 in., 54 
pbp., paper-bound. Available from 
U. S. Dept. of Commerce, Office of 
Technical Services, Washington 25, 
D. C. $2. 


The purpose of this development 
was to establish four practical and 
effective systems of packaging and in- 
tegrating automatically assembled card- 
type assemblies. The systems of pack- 


aging and integrating devised included 
plug-in, stacked mechanical, distributed 
connector, and mechanically cascaded 
packages 

Over 30 development test vehicles 
were designed, fabricated, tested, and 
analyzed. Package analyses pertaining 
to ruggedization, climatic protection, 
thermal adequacy, size and weight, and 
maintenance been 
addition to the consideration of four 


have included in 
systems of integration compatible with 
the four methods of amplifier packag- 
ing. Each system of 
discussed with respect to rf, if, and af 


integration 1s 


amplifiers. Specific design guides, prin- 
ciples, and techniques compatible with 
the “Auto-Sembly” system of fabrica- 
A bibliog 
raphy is included which lists books, 
technical articles and society papers on 
the subject of printed 
development and fabrication 


tion are discussed in Part II 


circuit design, 


Transistors Handbook by William 
D. Bevitt. 534 x 8% in., 410 pp. 
Published by Prentice-Hall, Inc., 
Englewood Cliffs, N. J. $9. 


This book is concerned with the 
practical aspects of transistors. The 
beginning chapters deal with funda- 
mental concepts, and present different 
types of transistors, their characteris- 
tics, Measurements, Circuit properties 
and behavior. The last half of the book 
discusses practical applications of tran- 
sistors and transistor Circuits, together 
with sound methods for transistor cir- 
cuit analysis 

Diagrams of tested circuits, with 
typical values of the circuit elements, 
where possible, included 
Nearly 400 illustrations, and a mini- 
mum emphasis upon mathematics, 
makes this transistor handbook readily 
usable by both technicians and engi- 
neers engaged in transistor designs 
and applications. 

A comprehensive subject index is 


are also 


provided for quick and easy reference 
to text material, convenient 
listing commercially available 


and a 
chart 
transistors, together with characteris- 
tics, and other application data is given 


in the Appendix of the book. 
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Electrical 


and Electronic 


Components 


Encapsulated Relays 
by O. M. Hovgaard 


Cooling Miniaturized Electronic Equipment 
by James P. Welsh 


Potentiometers-Selection and Application 


Switching: Transistors vs Relays 
by Ralph B. Brown and Ralph H. Beter 


Electrical Terminal Connections 
by Federico Strasser 


Hermetically Sealed Terminals 
by R. F. Squires ELECTRICAL 
AND ELECTRONIC 
Semiconductor Power Rectifiers COMPONENTS 


Resistance-reactance Nomograph 
by Hallan E. Goldstine 


Power Transistors for Control HYDRAULIC 
by Herbert L. Aronson AND PNEUMATIC 
EQUIPMENT 








From: AIEE Paper 


Encapsulated relays 


O. M. HOVGAARD, Bell Telephone Labs., Inc., New York, N. Y. 


Elimination of several variables improves relay 


reliability and useful relay life. Encapsulation in 
inert atmospheres and mercury wetted contacts 
are two methods employed. Statistical control 
promises to accelerate development and test 


procedures for encapsulated relays. 


R: LAY failure is usually the result of a physical breakdown 
of the contacts or inability of the contacts to close properly. 
Electrical erosion is the major cause of physical breakdown 
or locking; corrosive atmospheres, organic vapors and 
mobile dirt are the major causes that prevent proper 
contact. The nature of these variables is such that accurate 
prediction of failure, with respect to time and method, is 
difficult. One method of approaching this problem is to 
avoid or eliminate factors affecting component reliability. 

Encapsulation eliminates undesirable environmental con- 
ditions and the effects of electrical erosion are eliminated 
by using liquid contacts. Fig. 1A shows the basic form of 
glass encapsulated relays and Fig. 1B and 1C show en- 
capsulated relays using mercury wetted contacts. 

The basic principle of operation is identical for both 
types. Overlapping cantilevers of magnetic material are 
separated by a small gap and are closed by an externally 
mounted energized coil surrounding the glass tube. 


OPERATING CHARACTERISTICS 

The operating characteristics of a sealed contact is 
defined in terms of its behavior when associated with a 
simple coil of specified dimensions. The characteristics 
are expressed in terms of that value of ampere turns that 
will just close the contact and that lower value that will 
cause it to reopen. 

The desired mean values of these characteristics will 
be established in the course of development. The attainable 
standard deviations for these characteristics and a measure 
of the closeness within which the mean values can be 
held will also be determined. Upon these considerations 
the desired mean values and the limits that the relay 
must be held to can be specified by the designer. 

For manufacturing purposes the characteristics of sealed 
contacts are usually defined in terms of contact behavior 
in an air core coil, actual relay designs provide ferro- 
magnetic paths to increase electromechanical efficiency 
and decrease magnetic coupling to nearby components. 
More than one contact may be used within the same 
operating coil. Operating characteristics which can be 
ascribed to a specific design depend upon the number of 
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Fig. 1—Typical sealed contacts, A is glass encapsulated, B and 
C are glass excapsulated with mercury wetted contacts. 


contacts, the characteristics of the contacts and their 
relative positions within the coil, the reproducibility of 
the magnetic circuit and coil turns, etc. 

If the circuit variables and component characteristics 
are under statistical control during manufacturing, circuit 
performance and reliability can be determined on a 
statistical basis. This permits the use of smaller circuit 
margins than would otherwise be acceptable, thereby 
obtaining better utilization of component capability as 
well as improved circuit efficiency. 


CONTACT BEHAVIOR 


Test studies of encapsulated dry contact relays with 
various electrical loads show that they suffer erosion 
which becomes more violent as the loads increase. The 
by-products of this erosion are magnetic and collect in 
the gap under the influence of the operating flux. As a 
result, at least two mechanisms can cause contact failure. 
In one, build-ups and pits may cause mechanical locking 
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that prevents opening of the contact. In the other, the 
by-products of erosion form chains of particles capable 
of bridging the space between the unoperated reeds. As a 
failure mechanism, mechanical locks are several times as 
numerous as particle bridges but the relative expectation 
of their occurrence appears unrelated to the length of 
time that the contact has been in operation. 

Their behavior under load is quite similar to that 
observed with other hard surface contacts. As the load 
increases the lite of the contact gets shorter. However, 
for the upper load levels the rate of decrease of life 
with increasing load is not as great as that observed 
with ordinary, exposed contacts. This may be due to the 
capture of magnetic erosion by-products in the operating 
gap. Contact will be established through such particles 
and as a result they may absorb a part of the erosion. 
These magnetic erosion particles also tend to move at 
each operation and spread the erosion over a greater 
portion of the contacting area surface. 

Observations of laboratory life tests show an enormous 
spread in the life obtained from nominally identical sealed 
contacts. The end of contact life means the failure of 
the circuit and it is important to know how many 
operations may be expected when a contact is subjected 
to a specified electrical load. Fig. 2 shows the cumulative 
per cent failures versus number of operations on a loga- 
rithmic scale for a group of 52 contacts operated at 
one-eighth of an ampere at 50 volts. The data can be 
represented by a straight line on such a plot and helps 
in predicting failure rates by extrapolation. However, 
it should be realized that this technique involves some 
risks. The limits are rather wide with so small a sample 
and another sample might yield a different slope. There 
can be no assurance that there is not some other mech- 
anism which could cause early failures in excess of those 
predicted. The linear relationship, which represents a 
log-normal distribution, may also be of help in contact 
development. Preliminary investigation indicates that to a 
first approximation this form of failure distribution holds 
for different contact materials and encapsulating atmos- 


Fig. 2—Life study of encapsulated dry contact relays. 
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AND ELECTRONIC COMPONENTS ( ff ) 


ELECTRICAL 


pheres that have been studied. If these results are 
adequately confirmed, screening tests for alternative ma 
terials and process steps can be greatly accelerated 

The nature of the load limiting factors of a mercury 
wetted contact are quite different. Rules for 
establish the load conditions beyond which the mercury 
will be vaporized from the wetted surfaces. Unlike solid 
surface contacts, the cutoff of operational limits is quite 
sharp with mercury contacts and if they are exceeded 
the contact life is drastically reduced. Within the recom 
mended operating range there is in effect no electrical 
erosion since at each operation the mercury film is restored 
through capillary feed paths under the action of surface 
tension. As a result the life of a mercury 
independent of the load within the specified load limits 
and such contacts may be expected to function reliably 


their use 


contact 1S 


for many billions of operations. Under these conditions 
operational stability of the contact assumes greater than 
ordinary importance. There is some mechanical wear of 
the surfaces supporting 
sioned armature spring 
These factors cause slow systematic changes in the oper- 


the mercury film and the preten 
may lose some of its initial force 
ating characteristics. Fig. 3 shows a quality control chart 
plot of the operating values of two mercury wetted con 
tacts. Although after three billion operations the observed 
operating values were still not greatly different from thet 
initial values, and the contacting function was unimpaired 
it is no longer possible to predict operational perform 
ance. This illustrates the application of 
chart as a means for defining operating characteristics 
Experience with these sealed contacts indicates that 
statistical methods promise to be 
predicting life expectancy and replacement schedules 


a quality control 


an effective means for 


REFERENCE: 

“Capability of Sealed Contact Relays,” Paper No 
by O. M. Hovgaard, Bell Telephone Labs., Inc., presented at 
the AIEE Summer and Pacific General Meeting, San Francisco 
Calif. June 25-29, 1956. 


$6-658 


Fig. 3—Stability of encapsulated, mercy-wetted-contact relays. 
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From: Electronics 


Cooling miniaturized 
electronic equipment 


JAMES P. WELSH, Industrial Division, Cornell Aeronautical! Lab., Inc., Buffalo, N. Y. 


Decreasing size and increasing power requirements complicate cooling 


problems. Low temperature gradient paths are now a necessity and 


must be maintained by adequate heat transfer and effective heat sinks. 


Tu purpose of any electronic cool- 
ing system is to provide a low-resist- 
ance thermal path to a low-tempera- 
ture heat sink that will absoro waste 
heat. There are two basic philosophies 
of cooling electronic equipment. The 
first is the brute force approach, 
wherein high temperature parts are 
used without special cooling means. 
Temperatures are allowed to rise and 
heat rejection is achieved through op- 
eration of the parts at high tempera- 
tures. When used at low ambient 
temperatures to alleviate hot spots, 
this is inherently inefficient and ex- 
pensive. The utilization of high tem- 
perature operating parts is not rec- 
ommended for the deficiencies of an 
inferior cooling system. 

The second concept is controlled 
heat removal where the heat is di- 
rected along desired paths. This re- 
quires the application of careful design 
to the entire thermal system and the 
establishment of low temperature gra- 
dients for heat removal to protect tem- 
perature-sensitive parts and circuits. 

Of prime importance is the neces- 
sity for directing heat from high tem- 
perature components through specified 
paths to a low temperature sink and 
to prevent undesirable heat transfer to 
cooler adjacent parts. 


RATING PARTS 


In general, component parts are 
rated for operation at specified ambi- 
ent temperatures. Ambient tempera- 
ture is generally defined as the tem- 
perature of the medium surrounding 
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an object but does not always define 
the true thermal situation as it may 
exist at a specific part. With densely 
packaged equipment, the temperature 
of individual components is affected 
by heat radiation and conduction from 
nearby heat sources. These effects are 
significant and can lead to the over- 
heating of parts even though the am- 
bient rating is not exceeded. Ambient 
temperature rating is satisfactory only 
for equipment with widely separated 
heat sources operated at relatively 
low temperatures. Group characteris- 
tics of parts must also be assayed col- 
because the thermal inter- 

adjacent parts can raise 
temperatures much higher than that 
of individual components. 

The limiting temperatures involved 
in part rating are those that the con- 
stituents can withstand before they 
oxidize, melt, decompose or change 


lectively 
action of 


value during design life of the equip- 
ment. Internal temperatures are usu- 
ally difficult to measure. The best 
practical index of the thermal condi- 
tion of the interior of an electronic 
part is its surface temperature or the 
change in value of a readily measur- 
able electrical parameter. Neither of 
these characteristics is necessarily re- 
lated to the temperature of the air 
surrounding the electronic part. 


EQUIPMENT RATING 
A more realistic approach to rating 
components would incorporate ther- 
mal environment data that would pro- 


vide the equipment designer and user 
with definite thermal 
Thermal environment can be defined 
as the conditions of the fluid used, 
type, temperature, pressure and veloc- 


parameters. 


ity; it involves surface temperatures, 
configurations and emissivities; it in- 
cludes all conductive thermal paths 
surrounding an electronic device. A 
basic figure for cooling data is the 
heat concentration in watts per cu in. 
Where the external surface area of the 
device limits the thermal resistance, 
the unit heat dissipation in watts per 
sq in. is also employed. 

Cooling of electronic equipment has 
not been reduced to an exact mathe- 
matical procedure but specific cooling 
problems can be solved by logical pro- 
cedure. Factors such as the complex- 
ity of the equipment, space, power, 
thermal environment, available sinks 
and cost must be considered. 


Fig. 1—Simple piastic encapsulation with 
tubes and resistors near the surface of 
the plastic case for maximum cooling. 
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ELECTRICAL AND ELECTRONIC COMPONENTS 





Free air 

Plastic embedment 
Metallic conduction 
Forced air cooling 
Direct liquid cooling 
Voporization cooling 





ternal cooling of sealed units 











Fig. 2—Comparison of cooling methods. 





HEAT REMOVAL METHODS 

IN SMALL ASSEMBLIES 
A good cooling system must be 
simple, light weight, reliable, and 
easily maintained. It should occupy a 
minimum of volume, preferably utiliz 

ing the spaces between densely pack — 
aged parts or components ‘aie 


Fluid level 
lable | presents the relative magni 


tudes of heat transfer methods, values 
listed are representative and may vary 
with conditions. Comparison is made 7eN 
on the basis of conductance, which ts eaeenaies 


the heat transfer rate per unit area per 
degree temperature difference 














Natural cooling is frequently the 
only possible means of heat removal. 
Hermetic sealing and the dense pack- 
aging of parts prevent the use of other 

editaiitines 
techniques. Metallic conduction should Vo radian. 
obsorbed 
be considered as the primary cooling fluid) 
means within modules and assemblies 


Radiation cooling is not recommended tal internal heot 
: assipation 








since high temperature differences are 
required for appreciable heat transfer 








and control is difficult since the heat 





may be radiated to nearby units. Con : : ae ‘ 

Fig. 3—Direct liquid cooling assembly. 
vection cooling requires space that is 
seldom available within assemblies 


nd frequently transfer Rees tae Table I—Representative Magnitude of Heat Transfer Processes 
anc eque ansters 1a into 





other locations creating additional Bt 
thermal problems 2 
» . 

as »>mbe : g ay be . 
Plastic embedment, Fig. 1, may be Conduction through copper 
Conduction through Pyrex 
to the order of 0.25 watt per cu in. at Cc 


used only for heat concentrations up 


nduction through cork board 
ambient temperatures in the order of Free convection fror 


85 C maximum. Metallic conduction ir at 80 C 
Forced convecti 
mean temp al! 
great as 2 watts per cu in., Fig. 2. The OE are: 
maximum unit heat dissipation for 2 in. diam pipe 


can be used for heat concentrations as 


free-air cooled surfaces is usually 0.25 Water ling on : 
watt per sq in. In a few extremely Steam condensing 
pressure 
Radiation between two black bodies at 100 C 


unit heat dissipations as high as 0.5 Radiation between two black bodies at 500 C and 


high temperature electronic devices 


watt per sq in. have been achieved 





SEALED UNITS easily replaced, especially if they are issociated with plastic embedment 


Hermetic sealing is essential for plug-in types. However, electronic ci In many instances gases with high 
equipment operating under rigorous’ cuits such as r-f, i-f and video ampli thermal conductivities such as helium 
climatic and environmental conditions fiers cannot tolerate the increased or hydrogen can be used to increase 


Sealed assemblies, however, can be capacitance and other electrical losses heat transfer by gaseous conduction 
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Subossemblies designed 
for conduction cooling 
fo cold plate 











Fig. 4—Indirect cooling of components 
mounted on a liquid cooled chassis. 


Forced air is an excellent cooling 
method, Fig. 2, if spacing is adequate 
for air flow. Parts with heat dissipa- 
tions as great as 2 watts per sq in. can 
be cooled at low Reynolds numbers 


LIQUID COOLING 


Direct liquid cooling is particularly 
applicable to assemblies that must op- 
erate at high temperature with small 
temperature gradients between parts 
and cooled surfaces. Liquid cooling, 
however, can be used only in circuits 
that can tolerate the increased stray 
capacitance and electrical losses re- 
sulting from the use of liquids. 

Containers for sealed 
can be designed for direct immersion 
in the coolant (indirect liquid cooling) 
or the assembly can be filled with a 
fluid, Fig. 3 (direct liquid cooling). 
Heat removal may be increased by the 
addition of forced circulation of the 
coolant. 

Direct liquid cooling is most appli- 
cable to power supplies, modulators, 
servo amplifiers and wide-band low- 
frequency amplifiers. The coolant 
must be chemically and electrically 
compatible with the electronic parts 
and the case Liquid cooling permits 
a greater degree of miniaturization 
because of the larger permissible heat 
concentrations. 


assemblies 


INDIRECT COOLING 

Repairing direct liquid cooled equip- 
ment is complicated by the need to 
drain the unit. Indirect liquid cooling, 
Fig. 4, overcomes some of these dis- 
advantages but requires a pump and 
heat exchangers. Vaporization cool- 
ing, Fig. 5, is the most effective heat 
removal meihod used. It has the ad- 
vantages of the direct system with 
increased cooling ability. 


ULTIMATE SINKS 


Transfer of heat to the sink depends 
upon the method of heat removal used 


I6 





configuration. 


or local heat sink. 


effective cooling systems. 





EIGHT RULES OF EFFECTIVE EQUIPMENT COOLING 


1. Temperature difference controls the rate of heat transfer in any given 


2. Under steady-state conditions, thermal equilibrium is maintained and all 
heat will be rejected with resultant high temperature gradients. 

3. Measurement of temperature is necessary to define thermal parameters. 

4. Heat flow is analogous to Ohm’s Law. With constant power dissipation, 
temperature gradient is a function of the resistance of the thermal path. 

5. Only the earth, its atmosphere or a large body of water are ultimate 
sinks; a chassis has finite heat capacity, but it can be used as an intermediate 


6. Satisfactory thermal design starts simultaneously with electrical and 
mechanical design of electronic equipment. 

7. Electronic performance must not be affected by thermal design; com- 
promise is more often the rule rather than the exception. 

8. Owing to the complex nature of heat transfer, high accuracy can seldom 
be achieved; but this is no hindrance to accomplishment of practical and 
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Fig. 5—Evaporative spray cooling system. Efficient method of c 
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subject to severe heating, but requires extensive pumping and condensing equipment. 


in the chassis because of the common 
connection between the two phases of 
heat rejection. The optimum method 
of heat transfer removal depends also 
upon the type of sink available, its 
location and operating temperature. 

Natural heat transfer from minia- 
turized assemblies to an intermedi- 
ate sink is best accomplished by me- 
tallic conduction cooling. Structural 
parts may be used if they have low 
thermal resistance. However, the in- 
termediate sink cannot be located at 
any significant distance from the as- 
semblies. 

Natural convection and radiation 
may be used at the sink if the local 
sink is air of a relatively low tempera- 
ture. This mode of cooling may be 
used only with low heat concentra- 


tion, provided that the rejected heat 
does not affect nearby equipment. 
Forced air is applicable if the nearby 
air is used as a final sink. 

When electronic equipment is oper- 
ated with high temperature heat con- 
centrations or with the sink located at 
a distance from the equipment, cool- 
ing can be best achieved by an indirect 
forced liquid system. Indirect vapor- 
ization cooling is recommended for 
use with extremely high heat con- 
centrations. 

REFERENCE: 

Taking the Heat Off Miniature Equip- 
ment by James P. Welsh, Industrial 
Division, Cornell Aeronautical Lab., Inc., 


Buffalo, N. Y. Published in Electronics, 
October 1956, pp 152-156. 
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ELECTRICAL 


AND ELECTRONIC COMPONENTS 


Switching ..... transistors vs. relays 


RALPH B. BROWN, RALPH H. BETER, 


Philco Corp 


When used in a common emitter circuit with their base terminals as the 


input electrodes, alloy junction transistors and surface barrier transistors 


behave remarkably like single-contact relays. They can replace relays 


in logic networks and storage elements. Relay circuits are described and 


compared to the corresponding transistor circuit. 


Transistor circuits operate at very low power levels, and fast switching speeds 


make them ideal for digital computer applications. Used for triggering 


sensitive relays or thyratrons, they can control conditional actions 


in higher-power control systems. 


Transistors can function as single- 
contact, normally-open relays in low- 
level signaling and switching applica- 
tions. Switching power is negligible 
and switching speed is much higher 
than electromechanical relays. Two 
types of transistors work exceptionally 
well in relay-type circuits; the alloy- 
junction transistor, with switching 
speeds in the 3-to-10-microsec range, 
and the 


which is 50 to 100 times faster 


surface barrier transistor, 


TRANSISTOR-RELAY ANALOGY 

Simple switching circuits, Fig. 1, 
are typical applications where transis- 
tors can replace single-contact relays. 
Unless the relay coil is energized by 
applying a voltage between coil termi- 
nal 6 and ground, the relay contacts 
will not close and current will not flow 
in the load resistance. The voltage ex- 
isting between point c and ground will 
be the same as the voltage supplied 
by the battery to the circuit. 

When a voltage is applied between 
terminal 6, Fig. 1, and ground, the 
relay contacts will close, and current 
will flow in the load resistance. The 
voltage measured between point c and 
ground will be zero, since point c has 
been connected to ground through 
the electrical relay contacts. 

In the single-relay switching circuit, 
Fig. 1, the contacts will close when 


sufficient current is flowing in the 
relay coil, and will open if little or no 
current is flowing in the coil. The 
action of a transistor in a switching 
circuit is exactly analogous to the 
action of the relay circuit described. 

In switching applications the collec- 
tor is connected to the battery’s nega- 
tive terminal through the load resist- 
ance, Fig. 2, and the base-emitter 
diode is biased in the forward direc- 
tion when a negative voltage is applied 
from the base terminal to ground. The 
direction of normal current flow in 
the transistor is indicated by the ar- 
rows i,, i,, and i,. The emitter current 
in a grounded emitter circuit is equal 
to the sum of the collector and base 
currents, (i, i. + is) 


Fig. 1—Single-relay switching circuit 


- 


ta drwdas cma Gwen 


- 





Product Engineering — Mid-October, 1957 


When no voltage is applied to the 
transistor base, no current will flow 
in the base circuit, and the collector- 
to-emitter impedance is very high 
Under these conditions the transistor 
The volt- 


age measured between collector and 


is essentially an open circuit 


emitter is approximately equal to the 
supply voltage, with no current flow 
in the load resistance. If the base is 
energized by a negative voltage so that 
a forward base current flows, there 
will be a much larger current in the 
load circuit; and the collector to 
emitter voltage, due to the voltage 
drop across the load, will be practi 
cally zero. This is exactly the same 
switching action, Fig. 1, that was ob 


tained with the relay circuit 


Fig. 2—Single-transistor switching circuit. 
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c = Emitter 
e = Collector 
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Potentiometers © 


SELECTION AND APPLICATION 


POTENTIOMETERS ar‘ | ron la a levice t Linearity, zero location, and trimming 
1eVeE lop an electrical o 
produ t of an electrical 
f shaft position. A wide variety 
been devel ype d and spec ials’ are 
re common standard types are 
is faced with the problem 
selection of standard and S} 
ntion . suitable 
*s > en fuses ae Pa all Total resistance and tol 
c potentiometer functior 
step-by-step selection procedure 


I selection factors 


I Study the application — Exam 
establish potentiometer applicatior 


basic functions. Th 


II Establish potentiometer type 
tentiometer ty} to determine tne 
resistance potentiometer paci 
Ill Pick a potentiometer type — Based quired at 400 cycles 
SYOO pers a ae Cowen : Contact resistance and noise gene 
to the key selection factors. This ] a good +} . 
inderstanding of the relationshit 
merical values and system performa! 

IV Select model — Check the catak 
manufacturing resistance potentiometer 
lected and choose a unit meeting the 
may be advisable in the most stringen 
consult directly with the manufacturer 

V_ Review selection factors — Check the 
tentiometer against the list of selection fac 
engineering specifications must be added 
ability of quantities according to specincati 
tional sources, and previous successful applic: 
the selected potentiometer 

VI Cost Cost is related primari 
standardization and production volur rol fenera 
purpose medium-precision work, ten-turr iome ~a . - OI vr I ims infin gain in 
ters of approximately 1!*%;, in. dia, and sing rn unit become 

f 2 to 3 in. dia are most economical. Special unit os a a when U init 1 d in closed- 
such as the zero-resolution or very-low-torque types —s . tesolutior ist [ kept to a fraction of 
can easily cost five to ten times the price of the genera 
purpose ones. Trimmers cost roughly one 

the low-priced potentiometers ee 
nd i in wire- 
he Wry < } 7 
Check list of selection factors wound wnuts. 5 relates to the Sim's crystalline structure 
ELECTRICAL CHARACTERISTICS Temperature coefficient of resistance 
ated to the tolerar mposed or 
Type of potentiometer—Check catalogs as iva gh-temperatt Ri 


ible varieties of resistance potent! 
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MECHANICAL CHARACTERISTICS 


Permissible environmental conditior 


Aging 

Life under required duty cycle 

Sensitivity to shock and vibration 

Req lired driving torque 

Physical suitability: size, mounting dimensions, shaft 
requirement etc 

Useful angle of rotation 

Shorting or nonshorting characteristics of terminals 


MISCELLANEOUS FACTORS 
Cost 


cation of the potentiometer 


* POTENTIOMETER FUNCTIONS 


the 


f 
IOr 


BASIC KNOWLEDGE of 


essential 


functions potentiometers can 


rm is proper application and step- 
by-step selection procedure. Establishing optimum spec- 


fications is a complex task because of the great range 


f possible applications. There are eight basic functions, 
each with its that 
tentiometers are The functions 


own distinctive characteristics po- 


capable of performing 


are: data conversion, angle transmission, function gen- 
eration, trimming, nulling, balancing, varying resistance 
ind detecting small motions. These eight functions are 


the building blocks that the majority of complex po- 


tentiometer applications are constructed from. Once the 


basic function is recognized, selection of a potentiome- 
ter to do the job is simplified 


T POTENTIOMETER TYPES 


the numerous 
best unit 


POTENTIOMETERS a basically simple but 


the selection of the 


re 
types avallabie complicate 
The job of selection can be 


of the char- 


application 


becoming familiar with some 


acteristics of t! 


t 1e Various potentiometer types 
1. Single-turn and multi-turn potentiometers, using 


a moving contact on a wound mandrel, are the most 


common and generally useful 








2. Resolution (which affects stability) is an important 
selection factor where a potentiometer is located within 
a closed loop. Otherwise, resolution limits can be estab- 


blished by accuracy specifications 


3. Multi-turn potentiometers should be used for 
highest accuracy in a minimum size 

4. Linear-motion potentiometers have the same ac 
curacy and resolution as the rotary-motion type for 


equal lengths of resistance element 
5. Maximum resolution is achieved in potentiometer 


having long resistance elements (either through multi 


turn construction or large diameter), and high resist- 
ance (so that fine resistance wire can be used 
6. In small single-turn units, the film-type resistance 


How 


granularity does exist and must be accounted for 


element affords comparatively high resolution 


ever 
in critical applications 
generally have high 


7. Low-tor jue potentiometers 


contact resistance (hundreds of ohms) as a result of the 


minimum contact pressure and cannot be used a 
variable resistors. Units with torque requirements as 
yw as 0.003 oz-in. are commercially available 

8. In using ganged potentiometers, driving torque 


phasing between cups, and minimum backlash between 


cups must be considered 


9. Slide-wire high-resolution pots are limited in max- 
imum 
the 


life 


> POTENTIOMETER APPLICATIONS 


resistance. Where highest resistance is required, 


small diameter of the slide wire results in reduced 


of 
function in 


APPLICATION 
rather than 
A knowled an 
analysis of the potentiometer function in the circuit i 


emphasizes the the systen 


the the 
ge of application, however, is essential if 


purpose 


potentiometer system 


required. Comparison of the specific application with 


basic system functions reveals the needed t 


factors to 
select the proper potentiometer. 

Examples illustrated are typical of those used in 
machine tool application, test instrumentation, inspec 
ion devices and process control 
REFERENCE 

A Guide t Applying Resistance Pots" published in Contro 


NGINEERING, July 80—93 


POTENTIOMETER FUNCTIONS 





Line 
(A) — excitotion 
Ling Input 
excitation DATA CONVERSION — The electromechanical computer f analog computation 
{ 1) é ‘ U alog u 
<P 5 and automat nt yses the potentiometer as a nverter between shaft 
lelectrico! angle and electrical signal. (A) shows the mechanical to electrical conversion, 
and (B) the electrical to mechanical conversion. The accuracy must be sufficient 
to meet the requirements of the application, while resolution must be nsistent 
with the stat ty requirements of the closed loop Note also the possibility of 
(B) nultiplyin r dividing with line excitation as one variable 





ANGLE TRANSMISSION — Sin 


e the potentiometer must do work in providing the 


energy for positioning the dc synchro, it must be capable of a large amount of 
heat dissipation. Inherently, open-loop systems of this type are not highly 
accurate. Frictional torque is apt to be appreciable since heavy contacts are 
required rent ynduction. However, in the open-loop system, resolution 
Ss important only as it affects accuracy 
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a5 POTENTIOMETER TYPES 
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F RESISTANCE POTENTIOMETERS — R g cont cll 
* } | Vv w 
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= mutual inductance INDUCTION POTENTIOMETERS 
, OOOO [p20 y except f 
> E = output voltage W Ri 
4 t x aux 
AL 
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2 senate | 
mF } contoct INDUCTIVE POTENTIOMETERS Essentially a variable ner, W 
% Or . tact ¢ varying the output tap point. Present units avoid a sliding 
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APPLICATIONS 


CIRCUIT FOR DETERMINING TANGENTIAL CUTTING SPEEDS 


familling a the n ¥ a 
to permit cutting a cont hasat 
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ALTERNATE CIRCUIT FOR DETERMINING TANGENTIAL CUTTING SPEED 
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ratin tentiometer nr + saniir function net 
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TORQUE AMPLIFIER— Differential potentiometer used for tor 


+ ? Mot n tne 
ation. W f w 


TABLE-POSITION INDICATION Linear-mot potentiometer nvert 
mechanical displacement to a proportional electrica gna r 


REVOLUTION COUNTER — Potentiometers for data conversion. The 


voltages from the four potentiometers indicate rresponding digit 
n this application, the digital nature of the output minimizes 
potentiometer requirements in genera 











LIQUID-LEVEL INDICATION 
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MEMORY UNITS 
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Fig. 3—A three-input relay OR circuit. 


The base terminal of the transistor 
corresponds to the relay coil terminal, 
the collector terminal to the un- 
grounded relay contact, and the emit- 
ter terminal to the grounded relay con- 
tact and coil 


of the 


terminal. The operation 
to that 
of the relay that any relay of the type 
Fig. 1, 


an alloy 


transistor is so similar 


shown, may be replaced di- 


rectly by junction or surface 


barrier transistor and (providing the 
the 


exceeded) the circuit switching opera 


power rating of transistor 1s not 
tion will remain unchanged 
Surface barrier 


fast 


transistors permit 


extremely switching operations 
The time required to turn a surface 
(to the 


state where large load current flows) is 


barrier transistor switch “on” 


The time 
“off” is 


slightly longer, being on the order of 
0.10 to 0.12 


from 0.08 to 0.10 microsec 


required to turn the transistor 
microseconds 


SIMPLE SWITCHING CIRCUITS 


The simplest type of switching cir- 
cuit performs a switching action if any 
one of two or more input conditions 


are satisfied. In terms of switching 


circuit “logic” this is called an OR cir- 


cuit. Fig. 3 shows a_ three-input 


circuit of this type, using relays as 


switches 
OR y OR 


\ ) and 


If a voltage is applied at x 
z OR any combination of 

the corresponding relay 
contacts will close and cause current 
in R,. In general, an OR func- 
tion can be performed by two or more 


to flow 


switches connected in parallel 
The three relays in Fig. 3 may be 


replaced directly by three transistors 
with their emitters grounded, as shown 
in Fig. 4. If 


this figure have no base current flow- 


transistors 1, and 3 in 


ing, each collector-to-emitter 


i3 


path is 





~ 


Fig. 4—A three-input transistor OR circuit. 


equivalent to a very high impedance 
and practically no current will flow in 
the 1,000-ohm load resistance 

When a small negative voltage, 0.2 
or 0.3 volt, is applied to the base of 
1, Fig. 4, the resultant base 
current will be between 500 and 1,000 


transistor 


microamp. Much higher current may 
flow in the collector circuit because of 
the current 


gain from base circuit to 


collector circuit. However, the supply 


voltage establishes a maximum value 
of about 1,500 microamp of current 
that flow in the 1,000-ohm 


can load 


resistor. As collector current increases 
toward this value the collector voltage 


decreases in magnitude and approaches 


ground potential. The current gain of 

transistor decreases as the collector- 
to-emitter voltage approaches zero an 
the collector 


approaches but never 


reaches ground potential The collec 
tor-to-emitter voltage decreases to ap 
proximately 0.02 to 0.03 volt, which is 
near enough to ground for switching 
purposes. Actual collector current flow 
ing when transistor 1 is turned “on 
is between 1,470 and 1,480 microamp 

When the base of transistor 1 is de 
energized, collector and base current 
will drop to zero, permitting the col- 
lector potential to return to the supply 
The 
the other 


voltage level same result is ob 


tained if any of transistors 





[HE TRANSISTOR is a semiconductor 


for the base, the collector, and the 


nect these terminals in a_ switching 
input and output 
gain. Input terminals are base and 
and emitter 

Normal 


biased in the 


polarities for transistor 


diode is forward 


and the collector-base diode 1s 


direction. In normal operation of 


both the 
The 


alloy-junction transistors, 


negative voltage supplies base 


collector circuit to the 


current can flow 

Current gain of a transistor Is given 
is defined as the 
change in emitter current with 
1.00 tor 


expression fo! 


less than 


Another 


ing circuits. The 


ilways 


current gain 


beta of a transistor! 


collector current 


collector to emitter voltage. This 


but it may be even higher 


grounded emitter transistor 1s 


increase in collector current 





BASIC TRANSISTOR CHARACTERISTICS AND TERMINOLOGY 


device 
emitter 
circuit is to use the 
This grounded-emitter configuration provides greater current 


emitter 


operation are 
direction, the 
biased in the 
either 
collector 
current 


flow of reverse 


ratio of the change in collector current to 
constant 


junction and 


to the corresponding change in 
ratio 1s 
This means that if the 
increased by 


will be between 2.5 and 5.0 milliamp 


with three terminals, one eact 


The most practical way to con 


emitter for both 


ind output terminals are collector 


such that the base-emitter 


direction of easy current flow 


reverse, or high impedance 


surface barrier transistors or pny] 


and the base are connected to 


lowers the impedance of the 


current so that a larger collector 


in terms of a; the alpha of a transistor 

a corresponding 
This 

transistors 


collector voltage ratio is 


surface barrier 


known as §, is more useful in switch 


is defined as the ratio of a change in 


base current for constant 


usually in the range 25.0 to 50.0 


base current in the usual 


100 microamp, the corresponding 


> 
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Fig. 5—Two switching stages in cascade. 


ire turned “on” or if any combinatior 
of the transistors are turned “on.” This 
is exactly the same switching action 
that exists in the relay circuit, since 
load current flows only when one or 
more of the electrical relay coils (o1 
transistor bases) are energized 

This OR type of circuit enables se 
different 


signals of 


eral independent 


origin to perform the same given 
switching function without the sources 
of the signals interacting, because each 
relay or transistor in an OR circuit 
acts as a buffer or isolating element 

Each relay or transistor also acts as 
a signal inverter, in the circuits shown 
In the case of a relay driving a relay 
energizing the coil of the first relay 
short-circuits or deenergizes the coil 


of the second relay. In the analogous 


case of a transistor driving another 


transistor, Fig. 5, turning transistor | 
on” causes transistor to be de-ener 
gized, or turned “off,” and vice-versa 


A second type of switching circuit 





Table I—Typical Currents and 
Voltages in Energized 3-Input 
AND Gate 


Transistor 3 


Collector to ground v« 
Collector current 

Base to ground voltag 
Base current 


Transistor 2 


Collector to ground v 
Collector current 
Base to ground volt: 
Base current 


Transistor 1 
Collector to ground v 
Collector current 
Base to ground volt: 
Base current 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


bO—y_ 


ea 


s0-—— 


6—Three-input relay AND Fig. 7—Three-input transistor AND gate 


Ss one which performs switching 


tion only if all inputs iy coils o 


transistor bases) are energized simul 


This is called coincidenc 
AND gate A circuit of this type 


Fig. 6 uses relays as switches. Current 


taneously 


can flow in the load resistance only 


when all three sets of relay contact 
re closed, and contacts will be closes 
only when enough voltage exists acros 
each of the three 

Assuming that 


energized and all con 


re closed, deenergizing any 

more of the three relay coils will break 

the grounding circuit cutting the c 

rent passing through R In additior 

to carrying the load current, the con 
cts of each relay also carry the c 


ent required to energize the coils of 
ll the relays ibove 

rate. Load current 
the input terminals 
energized simultaneously 


AND 


xe Obtained by the di 


The transistorized 


} 
SO 


tion of transistors for relays. The ac 
AND gate fo 


transistors, Fig. 7, is analogous to the 


closed 


tion of the three-input 
| 
well 


ppies to 


Assum ‘PE 


’ lector may act as ar 


ransistors 
operation of the relay circuit transist 


ing that the base of transistor 


T *T yi} I if } 
energized, base current will flow emitter as collect - 
F ite almost 


the collector of transistor 1 will 


1 &recomme 

Sume a potential essentially that o . 

> I iV-transistor 

eround. If the base of transistor 2 is —— 

! 

7 ymmplex switching 

now energized, base current can flow Comps 

networks 

since this current is now supplied by : 
cults iS well 

the collector current of transistor 

circuits 


Similarly transistor 3 can now be en 
ergized, and its base current will be ; 
REFERENC! 


supplied by the collector current of 


ransistors 
Brow! 


Pi blishe d 


transistor 2. Note that each transistor hy R.B 


\ 


must have sufficient collector current Corp 


flowing to supply the demands of the Dec. 195¢ 


1957 








Electrical terminal connections 








SOLDERED CONNECTIONS 


Terminal Double slit Indent 


LA 
vy 
P a « 
| " | | | 
Fig.1 Punched aC |= Fig.2 Fig. 


Fig. 1—PUNCHED HOLE. Stripped Fig. 2—DOUBLE SLIT stamped to Fig. 3—INDENT FORMED in the 
end of wire inserted into hole and form channel for wire. Wire is in- terminal gives good electrical contact 
bent around terminal before soldering. serted; channel is pressed closed. area and facilitates soldering. 



































Fig. 4 | ff 











Single siit 
mit (Be) i} te (D) (e) One ot | 


a 
Indented Full bend a 
( bend a ZO, 
SSaaeeee * ——— © SS: — 


Bend 




















Fig. 4—RIGHT-ANGLE CONNECTION between wire and terminal. (A) Simple bend, 
(B) indented bend for greater contact area, (C) full bend for maximum contact area, 
(D) single slit for firm grip before soldering, (E) double slit for balanced grip. 


a Genneae 7 _ Fab i 5 
End notch Side notch Side notch 
Te 


Fig. 5 (A) Fig. 6 


L a 





Fig. 5—CONNECTION AT RIGHT-ANGLE to terminal surface. (A) End Fig. 6—NECKS cut in_ terminal 
notched, (B) side notched to resist end thrust, (C) modified side notch to 
avoid forming a sharp edge when stamping the notch in terminal. 


permit 
wrapping the wire tightly before soldering 
to obtain a strong joint connection. 


Hole or slot 
fe 








Tabbed end 


(B) ee Fig.8 


Fig. 7—SHAPED TERMINALS. (A) crimped around wire, (B) tabbed and Fig. 8—AXIAL CONNECTION to a rod or 
then pressed after wire is inserted. Solder not needed in (A) but should be shaft made by drilling two holes; one for 
applied in (B) to obtain the maximum of electrical conductivity. wire, second te permit a good flow of solder. 
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FEDERICO STRASSER, Santiago de Chile 


29 methods of fastening wire to terminals. Soldered connections are usually considered 
permanent. Screwed connections can be assembled and disassembled without special tools. 





SCREWED CONNECTIONS 


Wosher 











1 | 


























SS 








(B) (C) — 


Fig. 9—(A) Screw and washer holds bent wire. (B) no washer required if lug is 
used. (C) Lug should be screwed if connection is too large for soldering. 





(C) | 0) 


Fig. 10—CLAMPED WIRE held between (A) terminal and saddle, (B) terminal and square wash- 
er, (C) strap and knurled terminal for better grip, (D) nut and inclined groove cut in terminal. 


Fig. 11— TERMINAL POSTS allow 
quick and easy connections to be made. 
Screw has alternate position (A). Special 
screw (B) has ball staked in end to reduce 
turning force on wire. Pressure of nuts 
acts through washer (C). Side slot (D) 
allows for conditions where axial move- 
ment of wire is not possible. Pressure 
acts through round or square bar (BE). 
Buttress threads (F) prevent terminal 
opening up and wire becoming loose. 








Fig. 12—WIRE CLAMPED between 
two nuts is usual method of connecting 
leads to male receptacle terminals. 
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From: Bell Laboratories Record 


Hermetically sealed terminals 


R. F. SQUIRES, Component Development, Bell Telephone Labs. 


The successful operation of many systems depends on highly stable and precise 


outputs of electronic components. It is often necessary to seal these components 


in containers which guard them against moisture and mechanical shock. 


A variety of sealed terminals have been developed to connect such components into 


a system without reducing the effectiveness of the container. 


Te assure stable electrical characteristics, many circuit 
components, and even complete networks, must be sealed 
against the penetration of moisture and harmful atmos- 
pheres. Many units are canned and sealed off by an 
phaltic compound or a terminal plate fastened tightly to 
the can. In time, some potting and sealing compounds 
develop higher temperatures, 
would ooze out around the lead wires and terminal plates. 


as- 


would cracks; others, at 

To solve the problem, a new concept in apparatus pack- 
aging, individually sealed terminals, was formulated. Each 
apparatus lead was to be brought outside the sealed can by 
a feed-through terminal that was insulated from, yet sealed 
to, the can. The terminal must be leak-proof and occupy a 


minimum volume inside the can and a minimum surface 
area on the exterior of the can or terminal plate 

Several factors must be considered when sealed terminals 
are used for a given application: breakdown, flash-over 
and corona-starting voltages under specific conditions of 
temperature, humidity, and atmospheric pressure; insula- 
tion with or without 


resistance a d-c polarizing voltage: 


current-carrying capacity; reliability; ability to withstand 
mechanical and thermal shock; space requirements; and 
costs. Widespread use of sealed terminals and their varied 
physical and electrical requirements have resulted in a 
large number of terminal types for specific purposes 


One of the first practical, low-cost sealed terminals de 
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veloped was the rubber-sealea terminal, (A). A tin-plated 
copper tube was slipped over a wire insulated with a 
natural rubber compound and compressed to reduce its 
diameter and squeeze it tightly onto the rubber. The tightly 
squeezed rubber formed the seal. Rubber-sealed terminals 


have been limited to applications where test voltages do 


not exceed 6,000 volts d-c or operating voltages of the 
equipment do not exceed about 3,000 volts d-c. 
Miniaturization of components led to further improve- 


ments, such as glass-sealed terminals using a metal lead- 
through and bushing, separated by glass fused to the metal 
parts, (B). Metal-glass terminals are somewhat restricted 
in their applications because of electrodeposition of metal 
over the surface. Repeated temperature-humidity 
cycles with d-c polarizing voltage across the terminal results 
in the lowering of Table I, 
electrodeposition of the braze metal or solder. 
Further miniaturization demand for sealed 
terminals that would meet more stringent requirements. 
Several models using fluorocarbon resin evolved, (C). One 


glass 


insulation resistance, and 


created a 


type consists of a fabricated wire lead through and a con- 
centric flanged metal bushing, separated and held in posi- 
tion by a fluorocarbon resin molded to avoid internal air 
pockets that would affect the electrical characteristics of 
the terminal. Considerable care must be exercised in the 
fabrication and installation of these terminals to retain the 
desirable electrical and mechanical properties 

Sealed impregnated and filled with 
potting compound after all soldering operations have been 
performed, including those on the terminals 
high temperatures involved during impregnation jeopardize 


units are usually 


However, 


some types of terminal seals thus restricting the choice of 
seal materials. Qne type of fluorocarbon resin terminal can 
be made directly on the apparatus after potting. A fairly 
heavy-walled bushing is fastened to the can or is formed 
as part of the can, the space between the bushing and a 


I—Typical Electrical Characteristics of 
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wire lead-through acts as a fillet hole for the drying, im 
pregnating, and potting operations, and is then sealed with 
resin. A plastic sleeve is slipped over the lead-through into 
the bushing and compressed. This provides an hermetic seal 
between plastic sleeve and the metal bushing attached to 
the can and between sleeve and lead-through 

When higher voltages are encountered, ceramic termi 
nals are used. In compression-type ceramic terminals, (D)) 


the insulator body consists of two sections, and a central 


lead-through threaded on one end to provide axial com 
The 


permits the insulating oil to fill the insulator and improves 


pression. Sealing is provided by gaskets hollow body 


the electrical characteristics. Terminals may be constructed 
with either single or coaxial lead-throughs 

fall 
(E and F). One uses steatite-type ceramic with areas of the 


Solder-sealed ceramic terminals into two classes 


body coated with metals, and soft solder is used to attach 


the hardware. The other class, “high alumina” terminals 


uses recrystallized aluminum oxide, is more resistant to 


thermal shock and can withstand higher temperatures 


Using special metallizing techniques, the hardware is at 
tached to the alumina ceramic with high-temperature braz 


ing alloys. These terminals have superior electrical and 


mechanical properties and are replacing other types for 
more critical applications. Soft solder or brazing can be 
used to attach these terminals to the can 

Table I shows typical electrical characteristics for vari 


ous terminals in actual use on apparatus. Even such a 


wide variety of types, however, does not satisfy all con 


ditions; and new sealed terminals being developed 


are 


constantly 


REFERENCI 
Bell 
Record 


“Terminals for Sealed Applications” by R. | 
rr 


Published in Bell 


1956 pp 493-426 


Squires 


Telephone Labs the Laboratories 


November 


Terminals from Component Test Data 





Voltages in KV Peak Ro 


Maximum 
Terminal Test 


Rubber-Sealed 
Smallest Size 
Longest Sleeve 


Molded Phenolic 
Short Shank 
Long Shank 


Metal-Glass 
Smallest Size 
Largest Size 


Fluorocarbon Resin 
Compressed 


Molded 


Gasket-Sealed Cerami 
Smallest Size 
Largest Size 


2 types 


Solder-Sealed Ceramic 
Smallest Size 
Largest Size 


Condit Insulation Resistance in Megohms 


Coron After Moisture Reeistance 
Test With Polarizing 
Voltage 
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Literature Survey 


Semiconductor power 


INcrt ASED automation and_ higher 
standards of quality control have in- 
creased the demand for d-c power in 
small quantities for magnetic ampli- 
fiers and in large quantities for heavy 
production. In recent 
trend has been toward d-c drives to 


addition, the 


obtain the advantages of more accu- 
rate control systems. 

As the demand for d-c power in- 
types of 
equipment were sought to supplement 
conventional types, such as large mer- 


creased, new conversion 


cury-are rectifiers and mechanical rec- 
tifiers. The use of the familiar selenium 
germanium and copper oxide semi- 
conductor rectifiers has also expanded 
The germanium rectifier does not 
replace other methods; 
there is a definite field of application 
for each type of equipment. The semi- 
conductor rectifier is best applied to 
requiring a_ potential 

below 25( volts where regeneration is 
not involved. The motor-generator is 
best applied to rotating equipment 
where a wide speed range is required 
by armature voltage adjustment. Gen- 
erators for these applications are rated 
at 250 volts and above. The mercury- 


conversion 


steady loads 


are and mechanical rectifiers find their 
best application in the electrochemical 
industry, where ratings of 250 volts or 
higher are used. Mercury-arc rectifiers 
are also used to supply heavy duty 
rotating machinery in steel mills 


THE RECTIFYING DEVICE 


[he power germanium cell is based 
upon a 0.020-inch thick wafer sliced 
from a highly purified single crystal 
of germanium. Ferni discs are sol- 
dered to each side of the wafer; on 
one side only, indium is a constituent 
of the solder. The indium alloys with 
some of the germanium, creating a 
junction within the germanium wafer 
across which electrons flow far more 
freely in one direction than the other 
In this manner a semiconductor recti- 


fying device is created. When properly 


1,000 times 
higher than selenium and withstands 


current densities almost 


a much higher inverse voltage per cell 
than either selenium or copper oxide. 

The forward voltage drop of a 
germanium cell is very low, while the 
ratio of forward to reverse resistance 
is in the order of 1 to 400,000, far ex- 
ceeding the ratio of other metallic 
rectifiers. Such characteristics make 
possible the high efficiency and low 
which 


cells are noted. The rectifier cell alone 


voltage regulation for these 
shows an efficiency of the order of 98 
per cent, when operated at maximum 
rated voltage. Operation at the high 
current density means that the rectifier 
active element can be very small. By 
way of comparison, a germanium cell 
the size of a dime can rectify an aver- 
age half-wave current of at least 83.33 
amperes when properly cooled. The 
cooling method used determines the 
actual rating of germanium rectifiers 


COOLING OF UNIT 


Although the losses are small, even 
the small amount of heat generated 
must be dissipated rapidly. In order to 
dissipate the heat, as well as provide 
an electrical connection, the cell may 
be mounted on a copper block with 


Fig. I 


rectifiers 


radiating fins attached. The high in 
verse-voltage rating permits the use of 
single cells connected in a full-wave 
bridge to supply d-c output up to 75 
volts when properly cooled. 

When output voltage greater than 
75 is required, it has been the practice 
to connect tw» individual power sup- 
plies in series, giving a maximum d-c 
output of 150 volts. Where output rat- 
ings higher than 150 volts are required, 
series operation of cells appears more 
economical than the use of multiple 
transformer windings 

Liquid cooling is the most effective 
way to obtain maximum output and 
minimum space. When liquid cooled, 
cells are arranged in a tray and the 
tray is filled with an insulating liquid. 
A standard water-cooled heat ex- 
changer is used to remove the heat as 
the liquid is circulated by pump. 

The hermetically sealed cell greatly 
increases cell protection and elimi- 
nates the need for an insulating cool- 
ant. One mounting system utilizes a 
hollow aluminum extrusion as water! 
conductor and bus bar. No heat ex- 
changer is needed unless the available 
cooling water is corrosive. The advan 
tages are elimination of special fluid 
and a simplified cooling circuit; in ad- 


dition, the cells are easily accessible 


Increase in cell temperature above cooling water temperature versus watts 


dissipated in the junction of series tubes, germanium rectifier stack No. W56. 
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Cell rise,C,over water in 
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cooled, this rectifier can be used at Wotts, d-c 


h4 Product Engineering—Design Digest Issue 





A plot of cell rise versus watts dis- 
sipated in the junction, Fig. 1, shows 
approximately % deg C rise per watt 
dissipated. Other structures may ex- 
hibit as high as 1 deg C rise per watt 
or higher. This curve was produced by 
causing a d-c current to flow through 
the rectifying junction in the forward 
direction and measuring d-c volts and 
d-c amps stack. The cell 
temperature rise was measured by im- 


across the 


bedding a thermocouple in a small hole 
located a few thousandths of an inch 
away from the rectifying junction. 
The thermal time 
rectifier stack was determined, Fig 


constant of the 
AR 
in order to insure that sufficient time 
was allowed between points on these 
curves. This indicates a thermal time 
constant of about 30 sec 
point at which the 
reached 63.2 per 


This is the 
junction has 
final 
steady-state temperature rise. Thus, in 


cent of its 


a period of five time contants or about 
2.5 min, the rectifier junction will 
have reached its steady state tempera- 
better than 99 per 
of final temperature rise 

The 
cell, Fig. 3, shows a forward voltage 
drop of approximately 0.6 
8314 amps d-c. This corresponds to 
approximately 50 


ture rise to cent 


static d-c characteristic of a 


volts at 


watts forward loss 
while the reverse losses constitute an 
additional 20 per cent making a total 
of approximately 60 watts. It is the 
this 60 from the 
germanium wafer that constitutes the 


major problem, and one of the main 


removal of watts 


reasons for direct water-cooling. Lim- 
iting the junction temperature to below 
100 C which 


sible temperature 


is a maximum permis- 


requires that the 


ELECTRICAL 


junction then be cooled with a reason- 
able engineering safety factor to about 
65 C maximum 
35 C rises 5 € 


the remaining difference of 25 C is all 


If cooling water at 


as it cools the rectifiers, 


that can be allowed for the tempera- 
ture rise of the junction above water 

The efficient removal of heat from 
the rectifier is a function of water 
velocity past the projecting pins. Fig 
4 shows that at approximately three 
gpm cells are cooled to within 2 C of 
what they will be for an infinite wate 
velocity through the cooling surfaces 
Fig. 5 shows the temperature rise of 
water flowing through three of the 
cooling extrusions in parallel versus 
gpm of water. This curve shows that 
at about three gpm the temperature 
rise in the water is about 3 (¢ 
temperature 
versely proportional to the rate of flow 


Since 
rise of the water is in- 
of water, the water rise would be 6 (¢ 
at 144 gpm. At one half of this flow, 
or % gpm, the temperature rise of the 
2 < 
the curve it is apparent that a runaway 
temperature both 


the cooling rectifier 


water would be From this and 
condition exists for 
water and the 
junction as water flow is reduced be- 
gpm past the 
This readily determinable tempera- 


low %4 


rectifier stack 
ture rise of the water flowing through 
the unit provides a convenient means 
for measuring total rectifier junction 
provided 
condition can be established for the 
stack supports. This 
plished by having the average water 
temperature going through the unit 
equal to ambient. Then the following 
formula applies: 
KW ) 2640 (7: - 


losses, that an isothermal 


can be accom- 


Fig. 2—Thermal time constant for water cooled 6RAX8 germanium rectifier. Thermo- 
couple placed in drilled hole close to the junction of the rectifier cell. 
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where KW equals power in kilowatts 
Q equals flow in gpm, 72 and 71 equal 
outlet inlet 
grees centigrade. The temperature dif- 


and temperatures in de- 
ference may be determined accurately 
by using relatively cool water and per- 
mitting a relatively large temperature 
rise in the cooling water 

Silicon rectifier stacks can also be 
used with this 
cooling. At the present time, the high- 


type of direct water 
est average current rating for silicon 
Fortu- 


nately, silicon cells can be produced 


rectifiers is about 50 amperes 


with considerably higher peak inverse 
voltage capacity so that while the for- 
ward current loss per cell is approxi- 
mately twice that for germanium only 
one half or fewer silicon rectifier cells 
will be required for higher voltage 
units than in the present germanium 
rectifier units. For voltages over about 
80 volts d-c where two or more ge! 
manium rectifiers are required in series 
the silicon rectifier comes into its own 

Silicon rectifiers have superior peak 
inverse voltage characteristic with re- 
spect to temperature than germanium 
rectifiers, whose leakage increases and 
peak inverse voltage decreases as the 
temperature of the rectifying junction 
increases. This characteristic of silicon 
would seem to be particularly impor- 
tant during fault or emergency con- 
ditions, either internal or external to 
the rectifier cubicle 

Ihe major advantage of silicon over 
germanium appears to be a consider- 
ably higher permissible operating junc- 
tion temperature of 150 C as 
compared to about 65 C for 


This 
junction 


about 
germa- 
relatively low 


nium. operating 


temperature for germanium 


of a 
cell. 


characteristics 
rectifier power 


Fig. 3—Static d-c 
typical germanium 
250 sam 
on | , 
210} 

190} 

170 
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90 
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over woter, C 


cell 


of 


emperoture rise 


4—Cell junction temperature rise Over entering water versus gpm 


at the present time requires that the 
incoming water for a germanium rec- 
tifier unit be 95 F (35 C) or less for a 
unit with reasonable operating safety 
factor. This limitation should be al- 
most entirely removed with silicon 
where the water temperature could go 
theoretically at least to the boiling 
point of water provided thermal con- 
ductivity of stack construction permits 
this. This will greatly reduce the 
amount of cooling water required. 


RATINGS OF UNITS 


A summary of the d-c output rat- 
ings at present designed for direct 
water cooling is shown in Table I. 
Units with a kilowatt output rating 
from 48 to 225 covering a voltage 
range from 12 to 30 volts d-c are 
listed. These units are circuit number 
49 in American Standards Associa- 
tion C-34.1—1949. The wye primary 
on the transformer has a shifting neu- 
tral which provides 120 deg cell con- 
duction in the rectifying elements. 
rhis circuit permits elimination of the 
interphase transformer used in circuit 
45 in the same standard, thereby 
eliminating its losses and regulation 
A corresponding change in trans- 
former design is required. 

Because water supplies may vary 
considerably, copper stack supports 
and cell holders were used. Direct 
permissible where 
chloride content, heavy metal ions, pH 
and solids are below ASA limits. If 


water-cooling is 


these limits are exceeded, a closed re- 
circulating system is required. Protec- 
tion for copper parts is required 
against anodic corrosion with the use 
of either platinum 


116 


non-sacrificial 








Cooling water, gpm 


anodes (targets) or stainless steel 


anodes which very slowly erode away. 


PROTECTION OF UNITS 

Rectifier units are normally pro- 
tected against d-c short circuit, recti- 
fier cell failure, coolant overtempera- 
ture, loss of coolant, minimum flow, 
voltage surges detrimental to germa- 
nium cells and d-c current overload. 
D-c short circuit protection is pro- 
vided, but in general germanium recti- 
fier applications are limited to loads 
where d-c short circuits are extremely 
unlikely or impossible. This protec- 
tion is provided by a-c breakers co- 
ordinated with d-c current overload 
protective devices. 

Instantaneous breaker trip elements 
are set down to approximately four 
times the a-c current rating of the 
rectifier unit. Air circuit breakers are 
in general used for units of this type, 
their selection being determined by 


of water past the cells. 


circuit voltage and interrupting rating 
required, and maximum load current 
carrying capacity desired 

Coolant overtemperature protection 
is provided by a flow regulating device 
which maintains outgoing coolant tem- 
perature in the direct water-cooled 
units at or near about 30 C provided 
incoming coolant is below this point 
Cooling water temperature up to about 
35 C can normaily be tolerated with 
discharge coolant having a tempera- 
ture of approximately 40 C. 
tion against coolant overtemperature 


Protec- 


is provided by a thermostatic device 
mounted on the exit portion of each 
parallel path for coolant. This pro- 
vides protection against coolant over- 
temperature or a restriction In any 
one of the parallel coolant paths 


REGULATION OF D-C OUTPUT 
Iwo types of d-c voltage control 


can normally be provided since ger- 





Steel Mill Rated Units 


External to Retifier Cubicle 





Table I—Output Rating d-c for Direct Water Cooling 


100 per cent Rated output continuous 

125 per cent Rated output amp d-c (2 hours 

150 per cent Rated output amp d-c (1 minute) 

12, 15, 20, 25, 30 v d-c at 4000, 5000, 7500 amp d-c 


Electrochemical or Metallurgical with Transformer in Rectifier Cubicle 
100 per cent Rated output continuous 
150 per cent Rated output amp d-c (one minute) 
50, 65, 75 v d-c at 2000, 2500, 3000, 4000, 5000 and 6000 amp d-c 
100, 130, 150 v d-c at 1000, 1500, 2000, 3000 amp d-c 


Electrochemical or Metallurgical Power Supplies with Transformer 


100 per cent Rated output continuous 

150 per cent Rated output amp d-c (one minute) 

50, 65, 75 v d-c at 8, 10, 12, 14 and 16 k amp d-c 

100, 130, 150 v d-c at 5, 6, 7, 8, 10, 12, 14, 16 k amp d-c 
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Fig. 5—Increase in cooling water temperature (T.,..—T,,) versus gpm of Fig. 


cooling water past the power rectifier cells. Average loss is 58 watts per cell. 


manium rectifier units cannot be regu 
lated by 


are rectifiers can be. Induction voltage 


phase control like mercury 


reactors are 


Saturable re 


regulators or saturable 
the two common types 
provide a_ faster 


actors response in 


general then do induction voltage 


regulators or the rather infrequently 
used tap changing (either no load or 


on load) type of transformer control 


PARALLELING CELLS 


When cells are paralled for higher 


current capacity, the voltage across 
the cells is necessarily equal, and the 
characteristics of the cells must be ex 
tremely well matched if they are to 
reasonably well. For 


share current 


this reason, the manufacturer prefers 
to perform this matching operation in 
his factory. To maintain equal cul 
rent sharing throughout the operating 
range of current and temperature, con 
nections between cells must have equal 
resistance. Connector length, cross- 
section of wire, and type of connect 
ing lugs should be maintained as 
nearly equal for each parallel branch 
Fig. 6 illustrates the most effective 
manner otf connecting sever il rectifier 


cells or stacks in parallel 


SERIES CONNECTION OF CELLS 


Generalization of procedures for 


series-connection of rectifiers ts diffi 
cult. Paralleled cells must operate at 
equal forward voltage drops, but 
series-connected cells must instantane- 
ously pass the same reverse current 


Ihe reverse voltage-current characte 
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istic Of a rectifier cell can be well de 
fined. The variation of reverse leakage 
current with reverse voltage is usually 
slight at operating levels of voltage 
while the variation of leakage current 
with temperature is exponential. Even 
though the reverse characteristics of 
two series-connected cells may be 
matched perfectly at the same junc 
tion temperature, a difference in junc 
tion temperature of only a few degrees 
will cause a grossly unequal distribu 
tion of voltage between the cells. Such 

temperature variation must be ex 
pected in practical installations 

In some devices, depending on their 
application, the reverse heating of the 
cell is a large part of the cell dissipa 
tion. Under these conditions, substan 
betwee! 


tial equalization of voltage 


series-connected cells will be achieved 


due to thermal self-correction The 
cell that 


share of the voltage will heat up ac 


tends to assume a larger 


cordingly. Its reverse leakage current 
will tend to increase; but being limited 
by the other cells in series, the cell is 
compelled to decrease its share of the 
reverse voltage to normal values 

devices exhibit 


Silicon rectifier 


sharp non-destructive breakdown in 


reverse current at excessive voltage 
rhis imposes an inherent limit on the 
reverse voltage that a cell can assume 
from its partners. As long as the total 
reverse voltage across all cells in series 
does not exceed the sum of their re 
spective breakdown voltages, reliable 
operation may be expected from the 
cells provided operation of a cell at, 


or near, its breakdown points does not 


1957 


6—Interconnecting 


tock No 
Symmetrical parallel connec 


recommended) 


diagrams for properly 


wiring paralleled, power rectifier cells and stacks. 


designed maximum 


exceed its 
iting temperature limits 
When 


large self-correcting reverse heat 


rectifier cell exhibits ne 


characteristic nor sharp rev 


breakdown within Its temperatul! 


capabilities series-connected cell 
show substantial inequality in 

distribution. In order to determine 
efiect of higher-than-normal reversc 
voltage on cell reliability, compreher 


sive life testing was conducted or 


medium power germanium rectifiers 
For this particular type of device, n 
experienced or 


adverse effects were 


series-connected icross whicl 
higher-than-rated peak inverse voltags 
Was developed Ihe average pe ik 
verse voltage across the cells in eacl 
leg was maintained at the normal c 
rating. On the basis of this data, volt 


resistors, which h 


age-equalizing 


previously been used, were eliminate: 


from circuits using medium power! 


rectifier cells connectec 
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From: Electronics 


Resistance-reactance nomograph 


HALLAN E GOLDSTINE, RCA Laboratories, Radio Corporation of America, Rocky Point, N. Y. 


Parallel resistance and reactance components in a given frequency range for an 


unknown circuit can be obtained quickly and easily by use of Q meter and nomographs. 


W N a number of readings are to 
be taken over a frequency range, the 
use of these nomographs can provide 
a saving in time and effort. 

Tune the Q-meter to resonance at 
the measurement frequency, using a 
relatively high-Q shielded coil. Record 
the frequency (/), Q-meter capacitance 
reading (Ci) and the Q reading (Q1). 


Connect the unknown network 
across the capacitance terminals of the 
Q-meter. Without changing frequency, 
retune the capacitance of the Q-meter 
to resonance. Only measurement 
values within the proper range can be 
used, otherwise the readings may not 
be obtainable on the Q-meter. 
Record capacitance and Q with the 


connected to the Q meter 


Ihe parallel resistance and react- 


network 


ance are 


Fig. 1—Nomograph for finding Q. value for solution of parallel resistance equation. 
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where 1/G 
and 1/B 
in ohms. 


parallel resistance in 
ohms parallel reactance 
As an example, at a frequency of 2 
me the Q-meter readings were C; 
210 f, Q1 
After connecting the network, read- 
220 pp f and Q, 


FB 


ings were C, 
200. 
Referring to Fig. 1 a straightedge is 
on the Q; 
column, through the value of 200 on 
the Q approximately 
2,000 is obtained on the Qe column 


9795 


placed across from 
column, and 


on the left side. To obtain better ac- 
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curacy for high Q» values, the right 
side of the chart is used. By placing 
the straightedge on the Q: value of 
225, through Q, value of 200 on the 
right, the Qe value of 1,800 is obtained 
on the right-hand Qe column. 

Using Fig. 2, the straightedge is 
placed on the frequency of 2 mc and 
the capacitance C; 210. 
The X, reading of The 
straightedge is then placed from 380 
on the X, column to the Q2 reading of 
1,800 giving a value of 700,000 ohms 


reading of 
380 is read. 


Reactance component 1/B is equal 


to i/w(C,1 — C,). To obtain this 


Fig. 2, 


again on 2 me, through 
(Ci — Cy), in this case 210 — 200 = 
10 up» f, and the value of 8,000 is read 
off the X, scale. 

The parallel components are thus 
1/G 700,000 ohms and 1/B j 
8.000 ohms. 


from 


4 


value set straightedge 


value of 


REFERENCE 

“Equivalent R-Z Chart” by Hallan E. 
Goldstine, RCA Laboratories, published 
by Electronics, June 1956, pp 170-172 


Fig. 2—Nomograph for parallel resistance and reactance. 
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From: Control Engineering 


Power transistors for control 


H+. L. ARONSON, Baird-Atomic, Inc 


Power transistors merit considerable interest as control components now 


and promise higher power ratings and improved reliability in the future. Application 


of transistors, and review of transistor circuit characteristics for electrical 


and thermal design is covered. 


Charts and design equations used in conjunction with the thermal analog 


concept assure a thermal design that allows maximum utilization of the transistor's 


power capabilities without self-destruction. 


Power transistors are playing an increasingly important 
role in circuits designed primarily for control applications 
Table I represents the three basic configurations found in 
power transistor circuitry and indicates the degree of their 


usefulness in specific control applications 


POWER TRANSISTOR PARAMETERS 


Major parameters describing the behavior of transistors 
may be given in terms of either small-signal or large-signal 
characteristics. Generally, small-signal parameters are 
more basic while the large-signal parameters are more 


meaningful for large current excursions. Design of any 


lable I 


circuit subject to large signals usually requires calculation 
or measurement if reliability is to be achieved 

Peak or average measurements may also be used when 
describing a_ transistor’s parameters. Peak large-signal 
measurements are usually more desirable because they 
define the situation at maximum dissipation and also guar- 


antee that maximum power can be obtained from a design 


Input Impedance. A transistor’s input impedance varies 
with operating point. It is necessary, therefore, to deter- 
mine the input impedance and its variations for each appli- 


cation. If the peak collector current ( Es ) for the 


Comparison of Transistor Circuit Configurations 





Common emitter 
Basic Circuit 


Transistor and battery polari 
ties shown for PNP transistor 
B base 

E emitter 

Cc collector 


Equiv. vacuum tube circuit Standard grounded cathode 
Power gain, db 28 
Distortion, per cent harmonic 20 


Input impedance, ohms 50 
Output impedance, ohms 1,000 


High frequency response, k« + to 20 

Most frequently used config 
uration, due to its high gain 
But reduction of output im 
pedance and distortion by 
negative feedback diminish 
gain 


Comments 





Common base Common collector 





Grounded grid Grounded plate 
15 10 


> 


10,000 
80 to 2,000 
Primarily selected because of 


high frequency response and 
excellent linearity. 


} 
highest, depends on load imp 
lowest, depends on sourceimp 


6 to 30 


With low impedance loads 
(as from low voltage power 
source) this configuration 
may have highest 
gain. Possesses most constant 
charactertistics over wide 
temperature range 


power 
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desired output power is known, the required input voltage 
and current can be obtained from the characteristic curves 
of the transistor being used. Their ratio is, of course, the 
input impedance at peak output power. 


Current Gain. This is the ratio of peak collector current to 
the input current which generates the collector current. It 
is also a function of the operating point and may be deter- 
mined in the same way as the input impedance is obtained 


Output Impedance. In most power transistor applications 
output impedance is many times larger than the load im- 
pedance. If the circuit is already constructed, the output 
impedance can be found by varying the load impedance 
and measuring the voltage change. Otherwise, it can be 
found by analyzing the transistor’s characteristic curves: 
measurement of the slope of the common emitter charac- 
teristics at the desired operating point yields the common 
emitter configuration output impedance. The common base 
configuration slope is too steep for this technique, there- 
fore for this configuration the output impedance may be 
approximated by multiplying the common emitter output 
impedance by the common emitter current gain. The out- 
put impedance for the common collector configuration is 
approximately equal to the driving source impedance di- 
vided by the common emitter current gain 


Internal Thermal Resistance—/,. A _ transistor’s internal 
thermal resistance is a measure of junction-temperature 
rise as a function of internally-dissipated power. A thermal 
resistance of 5 deg C/watt indicates that the temperature 
difference between the transistor junction and case in- 
creases 5 deg C for each watt of power dissipated within 
the transistor. Each transistor type has a very definite 
maximum allowable junction temperature. Therefore, its 
internal thermal resistance determines the maximum power 
that can be handled. However, other factors might limit 
the transistor’s useful power output before the maximum 


powel value is reached 


Transistor Saturation Current—/,.. The back-biased col 
lector to base current and must be considered because of 
its influence at high temperatures and power dissipations 
This is an excellent gage of the transistor’s inherent reli- 
ability (Fig. 1 shows normal variation). Random variations 
of /,,,, instabilities, changes of slope, and new values after 
temperature cycling indicate defects. Fig. 2 shows the 
effect of temperature cycling, probably caused by volatile 
elements within the transistor. This situation is now being 
corrected by using welded cases and eliminating solder flux 


Collector Saturation Resistance. A minimum collector volt- 
age must be exceeded before power transistors will operate 
properly in the common emitter and collector configura- 
tions. The linear relationship between collector voltage and 
collector current can be represented by a collector satura- 
tion resistance. This allows the concept that the power 
transistor is capable of operating down to zero volts but 
with a series resistance (of magnitude equal to the collector 
saturation resistance) in the collector circuit 

Typical values of this parameter range from less than 
0.05 ohm for high-power germanium transistors to 100 or 
200 ohm for medium-power silicon transistors. This value 
must be known to calculate how much of the collector 
voltage is available for developing output power. Also, the 
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100 1000 10,00C "y 100 1000 10,000 
Fig. 1—Exponential varia- Fig. 2—Shift in L., after 
tion of I... with temperature. temperature cycling. 
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Voltage drop= Temperoture drop = 
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K = electrical! conduct vity K= thermal conductivity 


Fig. 3—An electrical circuit and its thermal analog. 
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Fig. 4—Transistor thermal circuit of maximum complexity 
(A), with an equivalent circuit (B) 


efficiency of a power stage can be computed if the collector 
saturation resistance is known. Thus, class B efficiency 
closely approximates: 0.78 (1 ] <x R E.) 


THERMAL CONSIDERATIONS 

Many transistor-circuit design problems have their 
counterparts in vacuum-tube circuitry. In general, the elec 
trical design procedure for high-power stages using transis 
tors or vacuum tubes are more nearly identical than in 
low-power stages. However, the vacuum-tube circuit does 
not place appreciable emphasis on thermal considerations, 
except under special circumstances. In power-transistor 


circuitry, however, thermal and electrical designs are 
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Table II—Thermal Resistance Design Charts 


Convection Thermal Resistance 

The thermal resistance for convection is based on the formula shown in 
Fig. A which applies to vertical plates freely suspended in air at ground level. 
To aid design the equation is plotted for various lengths of vertical height 
per unit area. The value #&, must then be divided by the total area (both 
sides of plate) exposed to air. Conversely, the total area needed for a given 
thermal resistance can be found from these plots. 

This formula can be used for any symmetrical heat sink: 

for the surface of horizontal plate facing upwards in air— 

A 0.78 6 for vertical plates 

for the surface of horizontal plate facing downwards in air— 

7] 1.56 6 for vertical plates 
where, for horizontal plates, replace L in vertical plate formula with % 
(length plus width). Resistances computed in accordance with the above 
relationship appear in parallel with each other. 


Conduction Thermal Resistance 

When the thermal current flows through an insulator, there will be a 
significant temperature drop. The series thermal resistance attributable to 
conduction can be found from the formula 


t 
*=Tira © 

where k is the thermal conductivity, cal-cm/sec-cm?-C 

t is the length in cm of the thermal current path, usually the thickness 
of the insulator. 

A is the area of the thermal current path 

Usually, a well-designed heat sink has negligible thermal drop between its 
surfaces through which the thermal current flows. But when the heat sink is 
excessively thin or made of a poor conductor, thermal drop must be com- 
puted and considered as a series thermal resistance between the transistor 
and ambient temperatures. Here, the thermal resistance results primarily 
from conduction through the edges of the material and not between the 
surfaces. On this basis the above conduction equation can be modified for 
the following designs: 

* circular plate: @ 

* square plate: 6 

* rectangular plate: 6 Liaw x 7 
otherwise use square plate formula 


watt 


=1/(7# K 4.19 K t X& k) 
1/(8.38 K t & k) 
(33.5 


Radiation Thermal Resistance 

The formula for thermal resistance due to radiation is shown in Fig. B, 
again with curves for various surface temperatures and for a unit radiating 
area. Area includes total exposed surface (both sides). The actual thermal 
resistance is found by dividing the value from graph by total area and 
emissivity. 


CONVECTION AND RADIATION THERMAL RESISTANCES COMPARED 


Usually the radiation thermal current will be less than 25 per cent of the 
total current, depending on the temperatures, emissivity, size, and position 
of the surface involved. Fig. C shows the ratio of radiation thermal resist- 
ance to convection thermal resistance. The higher this ratio the lower the 
heat dissipated by radiation. Thus, for an unpainted surface (emissivity 
0.03 to 0.1) the ratio is six or seven, so radiation represents less than 15 per 
cent of the total thermal current. However, a thin layer of paint could 
increase the surface emissivity to as much as 0.95, making the radiation 
thermal resistance about equal to the convection thermal resistance. 
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Fig A- Convection thermol resistance 
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TRANSISTOR ATTRIBUTES 


ADVANTAGES 


Reliability. Ihe power transistor is inherently an ex- 
tremely reliable device. Available figures indicate life 
expectancies at least twice as good as the best available 
vacuum tubes. But more important: there is every reason 
to expect the operating life of future power transistors 
to be considerably better. 


Ruggedness. Transistors are many times less sensitive 
to vibration and shock than vacuum tubes. Thus, they 
may be used without requiring shock mounts 


Simplicity. Transistorization frequently lends itself to 
mechanical and electrical simplification because of 
simpler wiring and reduced heat dissipation. 


Reduced Size and Weight. Not only are transistors 
themselves smaller than comparable vacuum tubes, but 
associated components may also be smaller because of 
the lower voltages used in transistor circuits. 


Reduced Power Supply Requirements. This advantage 
accrues primarily from elimination of filament power. 
However, plate efficiencies of transistors are comparable 
to vacuum tubes. Another powgr saving results from 
the transistor’s ability to operate close to the theoretical 
efficiency in many circuits 


DISADVANTAGES 


Temperature Limitation. Transistor temperature, nol 
power, is the fundamental limit. The power rating of a 
transistor decreases faster with increasing temperature 
than a comparable vacuum tube. The heat-dissipation 
problem limits obtainable power output (at any ambient 
temperature) unless adequate heat sink and cooling 
techniques are used. In addition, transistors may require 
complex temperature stabilizing circuitry 


Limited Available Power Range. Production power 
transistors are available with nominal ratings up to 60 
watts internal dissipation. Experimental models are 
available with ratings up to 100 watts, permitting more 
than 300 watts in the load. Since these ratings depend 
on the transistor case being at room temperature the 
actual power dissipated is a measure of how well the 
junction is cooled by cooling the case 


Nonlinearity. Present transistors are not as linear as 
vacuum tubes. However, new power transistor types 
and advanced manufacturing techniques have resulted in 
considerably improved linearity. 





equally important. Failures of power transistor circuits 
have been caused more by a lack of understanding of the 
thermal factors than by inherent limitations of transistors. 


THERMAL RESISTANCE AND ITS ELECTRICAL ANALOG 

Analogies exist between voltage drop and temperature 
drop, electrical current and thermal current, and ohmic 
resistance and thermal resistance. Using these analogies, 
thermal circuits can be visualized and calculated. Fig. 3 
shows the analogy between a simple electrical circuit and 
its corresponding thermal circuit. 

Ihe units of thermal resistance are C/watt of collector 
dissipation. This is equivalent to expressing electrical re- 
sistance as volts per ampere. Similarly, thermal current 
can be expressed in watts, where (under conditions of ther- 
mal equilibrium) each watt of electrical power dissipated 
as heat in the transistor causes one watt of thermal cur- 
rent to flow in the circuit 

A typical problem, Fig. 4, indicates that a number of 
heat paths such as the relatively high transistor case resist- 
ance, are in parallel with smaller resistance values and can 
be ignored. The first step is to reorganize the circuit to its 
equivalent arrangement, Fig. 4B, and find the equivalent 
resistance for the parallel radiation and convection resist- 
ances of the heat sink (6.3 C/watt). The temperature drop 
across this resistance equals 5 watts times 6.3 C/watt, or 
31.5 deg C. Therefore, the heat sink temperature is the 
ambient plus this value, or 30 plus 31.5, which equals 
61.5 C. In a like manner, the temperature drops across 
the insulating washer and the internal resistance is com- 
puted. This results, Fig. 4B, in the complete temperature 
distribution from the transistor junction to ambient. 


DETERMINING THERMAL RESISTANCES 
Being sealed, a transistor’s thermal resistance cannot be 
determined by direct measurement of the junction tera- 
perature. However, @; can be measured indirectly by dis- 
sipating power in a transistor for a half-cycle and then 
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measuring the thermally-sensitive saturation current / 
on the alternate half-cycle. From these measurements a 
curve of PD (power dissipated) vs. /,,. is plotted. This in- 
formation is correlated against a plot of junction tempera- 
ture vs. /,,, obtained by heating the transistor in an oil 
bath and measuring /,,. These curves yield a new curve of 
junction temperature rise as a function of dissipated power, 
from which the internal thermal resistance can be found 
in deg C/watt. The results obtained by direct measurement 
of heat sink thermal resistance include the effects of con- 
duction, radiation, and convection, as well as various edge, 
shape, and position effects. Accurate results are obtained 
if measurements are made at the highest ambient tempera- 
ture involved and with the intended power dissipation. In 
this direct method a resistor, which dissipates the same 
amount of power as the transistor, replaces the transistor; 
and the heat sink and ambient temperature are measured. 
Here, the heat sink thermal resistance may be calculated 
by dividing the heat sink and ambient temperature differ- 
ence by the power dissipated in the resistor. 

When the circuit is still in the early stages, external 
thermal resistance cannot be measured directly, but can be 
calculated from equations relating convection, conduction, 
and radiation to thermal resistance. The design procedure 
is simplified by converting the equations to graphs, Table 
II. Values obtained from the graphs for convection and 
radiation must be divided by the actual design area to 
arrive at true thermal resistance. 

The third graph in the table plots the ratio of radiation 
thermal resistance to convection thermal resistance (for a 
typical application), and thus indicates under what condi- 
tions radiation resistance becomes large enough (in com- 
parison with convection resistance) to be neglected in 
preliminary thermal design calculations 
REFERENCE: 

“Applying Power Transistors For Control” by H. L. Aronson, 
Baird-Atomic, Inc. Published in Control Engineering, October 
1956, pp. 78-84. 
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An ever-increasing number of insulations for an ever-increas 
ing number of electrical and electronic products puts growing 
emphasis on specialized wires engineered for the job. Your 
engineered product merits Belden wire engineering service 


Beldol @ Celenamel @ Nyiclad @ Beldenamel @ Formvar @ 
Alkanvar @ Formbond @ Squares & Rectangulars. 





Lead Wire—rubber, plastic, silicone, asbestos. Rated at these 
temperatures: 75 C, 80 C, 90 C, 105 C, 180 C, 200 C @ Bat- 
tery Charger and Test Lead Cabie @ Coil Lead Wire ® Hermetic 
Lead Wire @ Mercury Switch Lead Wire. 








Primary Wire @ High Temperature Hook-up Wires @ Battery 
Cable @ High Tension Wire. 





Complete cords and cord sets with a wide variety of insula- 
tions—for electrical and electronic devices of all types and 
applications. 





Extension Cords @ Replacement Cords @ Heater Cords @ Range 
Cords @ Dryer Cords. 





Microphone Cables @ Multiple Conductor Cables @ Intercom- 
municating Public Address and Sound System Cables @ Broad- 
cast Audio Cables @ Studio Camera Cables @ Transmission Line 
Cables @ Antenna Rotor Cables @ R.G.U. Transmission Line 
Cables @ Hook-up and High Temperature Lead Wires @ Anten- 
na Wires. 





Arc Welding Cable @ Welder Power Supply Cable @ Welder 
Supply Cord. 





Primary Wires @ Battery Cables & Spark Plug Wires @ Trailer 
Lead Wires @ Starter Cables @ Terminals for Spark Plug and 
Primary Wires, and Battery Cables. 


iF IT’S WORTH ENGINEERS’ TIME... 
IT’S WORTH ENGINEERED WIRE 





Belden Manufacturing Company 
Chicago 
i % WIREMAKER FOR INDUSTRY 


SINCE 1902 
CHICAGO 
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MACHINE TOOL DESIGNERS: 


Westinghouse components and services 
will help you pioneer the greatest 
machine_tool developments in history! 


you can Be SURE...iF ITS 


Westinghouse ©: 
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NEW DEVELOPMENTS FROM WESTINGHOUSE . 


Improve drive and control functions 
on your new machine tools 


Eighty light-load reversals per min- 
ute and no overheating . .. with 
Westinghouse Life-Line® ‘‘A’”’ 
motors. Reliable performance under 
severe duty cycles lets you plan 
greater versatility for machine tools. 











Just 38 Westinghouse Oil-Tite* pushbutton components 
... Standardized, interchangeable, always available from 
stock . . . offer up to 1,500,000 pushbutton control 
arrangements—cut space, inventory needs. *Trade-Mark 


126 


Cushioned start of connected load is 
assured by Westinghouse magnetic 
reduced-voltage starters. Add-A- 
Part feature provides flexibility for 
design and future change-over. 


Cypak control has no moving parts 
to wear, corrode or jam. Service life 
is 15 times that of mechanical relays, 
maintenance and down time virtual- 
ly eliminated. Cypak systems are 
compact, light, easy to modify. 


Westinghouse machine tool transformers take one-third 
less space, exceed NEMA regulation standards by 30%. 
Add-A-Part fuse blocks and breakers extend design 
selection, reduce transformer inventories. 
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The growing trend to faster specialized machine tools 
with more automatic operation makes design of com- 
pact, dependable drive and control systems for your 
products more vital than ever. Westinghouse has 
recently contributed many significant electrical de- 
velopments to machinery builders that promise 
great strides in machine tool progress. 

For example, there’s Cypak*, a revolutionary 
development of Westinghouse research for reliable 
electrical control for machine operations, processes, 
and coordinated handling of materials. Jt has no 
moving parts to wear, corrode or jam . . . assuring 
long life and dependability. 


Contactless limit switches, industrial electronic 
components unsurpassed in performance, improved- 
design motors, and numerous other product 
refinements and innovations point to Westinghouse 
as the electric components supplier for your 
machine tools. 

Developments like these will help you design and 
build machine tools that better satisfy your custom- 
ers through increased productivity, reduced inspec- 
tion and maintenance, and more precise operation. 
Whatever the function you want performed... 
sensing, transmitting, recording, computing, control, 


or driving ...think of Westinghouse components first. 


*Trade- Mark 
MP-3050-2 


you CAN BE SURE...1F ts Westinghouse 


~~ 


“4 


< << 
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Versatility of Westinghouse AV 
Drive pays off in applications like 
this heavy-duty, 14-foot boring mill. 
Package drive provides on-the-spot 
conversion of a-c power supply to 
d-c for precise speed control over a 
wide, adjustable speed range. 
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Westinghouse service and facilities 
back up product performance 


Your local Westinghouse representative should be a sored annually by Westinghouse during the past 21 
member of your machine design team. He is trained years, is an example of Westinghouse participation 
to give you the full benefit of Westinghouse engineer- and cooperation with the machine tool industry. 
ing and development information in analyzing your New ideas fostered and exchanged at such meetings 
machinery electrification problems. help speed machine tool advances. 

Westinghouse facilities are located in industrial When you specify components, choose Westing- 
centers from coast to coast. Westinghouse research house and be sure. You get one-supplier responsi- 
... field engineering service . . . local manufacturing bility for products of outstanding quality, backed by 
and repair plants . .. renewal parts stocks... more than 70 years of electrical experience. And, 
all have been established to benefit you and Westinghouse components help sell your products. 
your customers. Westinghouse Electric Corporation, 3 Gateway 

The Machine Tool Electrification Forum, spon- Center, P. O. Box 868, Pittsburgh 30, Pa. 


M P-3050-3 
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Westinghouse serves these 0. E. M. industries . . . with these components 


Air conditioning 


| Motors—gearmotors 
Appliance | 
| 


. 

e Adjustable-speed drives 
Communications—electronic e Gearing 
Electric apparatus ¢ Controls—relays—circuit breakers 
Fan and blower e Semiconductors 
Machine tool | e Cypak 
Materials handling | ° 
Panelboard and switchboard | ° 
Prime mover equipment i ° 
Pump and compressor . 
Miscellaneous machinery . 


Magamp* magnetic amplifiers—rectifiers 
Heating elements—thermostats 
Transformers 

Instruments 

DYNAC® magnetic braking 


*Trade-Mark 


AY ¥ ce 


you can BE SURE...1F irs Westinghouse =): 
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- « « FIRST IN 
PRECISION SWITCHING 


Precision switches to meet a wide variety 
of product design and plant use applications 


MICRO SWITCH precision switches are important 
components in almost every type of electrically 
operated equipment—from delicate instruments 
to massive machine tools. They are installed on 
existing plant equipment to make operation safer, 
more automatic, and more productive. Shown 
here are but a few of the many thousands of 
MICRO SWITCH precision switch types which are 
famous throughout industry for utmost relia- 
bility, long-life, and precise operation. 


Look for these features when you 
buy precision switches 


Experience —MIicRO SWITCH is a pioneer in the 
manufacture of precision snap-action switches 
to meet a wide variety of applications. 
Quality — micro switch products are labora- 
tory-tested from raw materials to the finished 
product. Absolute reliability and uniformity of 
performance is assured. 

Service— Experienced MICRO swiTcH Field 
Engineering Service is available from branch 
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offices in key cities for consultation on switch 


problems. 

Development — micro switcu Engineering 
Service, if necessary, will cooperate in the de- 
velopment of an entirely new switch 
Replacement —wmicro switcH products for re- 
placement or for installation on existing plant 
machinery are available from distributors in 
every industrial center. Look under ‘‘Switches, 
Electric” in the Yellow Pages. 

Savings—Precise operation, long-life depend- 
ability, and freedom from maintenance of MICRO 
SWITCH products produce considerable savings 
of time and money. 


MICRO SWiTch 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
in Conado, Leoside, Toronto !7, Ontorio « FREEPORT, ILLINOIS 
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P&B RELAYS 


are used in every industry. Design engineers like 
their quality and P& B’s ability to build to exact 
specifications. Here is a “sampler” of basie types 


&= 
a 

f 
ee, 


communications 


MH Series telephone type relays are 
small, versatile and available in contact 
arrangements up to 18 springs ( 9 per 
stack) DC and a variety of contact ma 
terials. Silver contacts (%”) are rated 
5 amp. 115 V. 60 cycles resistive load. 
High temperature models operate from 
65°C to +125°C, 


a 
machine tools 


PR Series relays are rugged, fast acting 

designed for high current or high 
voltage switching. Floating movable con- 
tact carrier assures ample wipe and con- 
tact pressure. AC or DC models available 
with contact arrangements up to double 
pole double throw. Supplied open or 
with dust cover. 


Th 
Ik 
£1 


rr 
missiles and jets 


BD “Star Series” relays are used in 
applications demanding maximum reli 
ability. These 26.5 V. DC relays were 
designed to surpass shock test II per 
MIL-R-5757C, 50 G and_ vibration 
Grade III per MIL-R-25018; 5-2000 cps 
at 15 G. This 6 pole, double throw 
relay is operative in ambients of —65°C 
to +125°C 


instrumentation 


LS Series relays—Medium coil, tele- 
phone type—have special hinge con- 
struction resulting in a mechanical life 
in excess of 100 million operations. 
Contact arrangements go to 20 springs 
(10 per stack). Power required: 100 
mw per movable arm. DC only to 200 
V. Open or hermetically sealed models 


air frame 


AC Series relays are designed lor air 
frame controls and other applications 
calling for good mechanical shock resist 
ance. Relays are enclosed in dust proof 
cover; phenolic base meets U/L spacing 
and creepage distances. Double pole 
double throw contact arrangement in At 
and DC models 


business machines 


KM Series relays meet the demand for 
miniaturization and multiplicity of action 
within a single relay. Contact arrange 
ments available from single pole single 
throw to three pole double throw. May 
be ordered in coil voltages up to 48 V. 
DC in open or sealed models. Weight, 


open, 7/8 oz. Sealed, 1-1/4 oz 


Write today for a copy of our new full line catalog 


Potter & Buundield, ine. 
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Sales Headquarters — Ashland, Mass. : 


SALES REPRESENTATIVES 


ALBANY 4, N. Y. 
ATLANTA 9, GEORGIA 
BOSTON, MASS. 
BUFFALO 7, N. Y. 
CHARLOTTE 7, N. C. 
CHICAGO, ILL. 
CINCINNATI 8, OHIO 
CLEARWATER, FLORIDA 
CLEVELAND 13, OHIO 
DALLAS, TEXAS 
DAVENPORT, IOWA 
DENVER, COLO. 
DETROIT 38, MICH. 
HOUSTON, TEXAS 
KANSAS CITY 34, MO. 
LOS ANGELES 57, CALIF. 
MILWAUKEE 3, WIS. 
MINNEAPOLIS 4, MINN. 
NEW ORLEANS 19, LA. 
NEW YORK, N. Y. 
PHILADELPHIA, PA. 
PITTSBURGH, PA. 
PORTLAND 9, ORE. 
SAN FRANCISCO, CALIF. 
SEATTLE 4, WASH. 

ST. LOUIS, MO. 
SYRACUSE, N. Y. 
TOWSON 4, MD. 

TULSA 3, OKLA. 


EXPORT 


NEW HAVEN, CONN. 


CANADA 


MONTREAL 30, QUE., CAN. 
TORONTO 12, ONT., CAN. 


Carse Electric Corp., 1044 Broadway, Tel.; Albany 62-5364 

Applebee-Church Inc., 1389 Peachtree St., NE, Tel.: Trinity 5-7244, 5-7245 

Fenwal Incorporated, Pleasant St., Ashland, Mass., Tel.: Trinity 2-3577 

The Robert F. Lamb Co., 1807 Elmwood Ave., Tel.: Bedford 3757 

Mr. William K. Hile, P. O. Box 6165, Tel.; Franklin 5-0365 

Fenwal Incorporated, Rm. 202, 6525 W. North Ave., Oak Park, Ill., Tel.: Village 8-0805, Estebrook 9-0544 
The Smysor Company, 1046 Delta Ave., Tel.: Trinity 1-0605 & 1-0606 

J. J. Galleher, P. O. Box 1376, 617 Cleveland St., Tel.; 3-7706 

Anderson-Bolds, Inc., 2012 West 25th St., Tel.; Prospect 1-7112 

R. F. White Co., 2519 Carlisle St., Tel.: Randolph 3603 

Volco Company, 215 Kahl Bidg., Tel.: Davenport 3-2144 

E & M Equipment Co., 2415 15th St., Tel: Genesee 3-0821 

Carman Adams, Inc., 15760 James Couzens Highway, Tel.: Univ. 3-9100 

The Gay Sales Co., Assoc., 420 Sul Ross St., Tel.; Jackson 9-3479 

C. B. Fall Co., P. O. Box 324, 11410 Richmond Ave., Tel.: South 1-6545 

Fenwal! Incorporated, 111 S. Burlington Ave., Tel.; Dunkirk 8-3168 

Gordon Hatch Company, Inc., 531 W. Wisconsin Ave., Tel.: Broadway 1-302) 

Volco Company, 831 South 6th St., Tel.: Federal 6-3373 

J. P. Maguire Co., 3144 Paris Ave., Tel.: Bywater 2751 

R. L. Faber & Assoc. Inc., 1246 Broad St., Bloomfield, N. J., Tel.; Edison 8-6900 

J. V. Calhoun Co., 349 Montgomery Ave., Bala-Cynwyd, Pa., Tel.: Greenwood 3-4477 

Earl E. Whitaker & Son, 822 Wood St. (P. O. Box 8837, Wilkinsburg, Pa.) Tel 
Wiant Products Co., 1231 N.W. Hoyt St., Tel.: Capitol 7-2671 
Belilove Company, 420 Market St., Tel: Yukon 2-3713 

J. C. McDougall Co., 520 First Ave., S., Tel.: Main 7667 

C. B. Fail Company, 317 N. 11th St., Tel.: Chestnut 1-2433 

Naylor Electric Co., 1115 Hills Bldg., Tel.: Syracuse 2-3894 

Thomas H. Closs Co., 21 West Pennsylvania Ave., Tel.; Valley 5-4445 
Paul King Co., 28 North Guthrie, Tel.: Luther 4-3347 


1-6220 


Freem ont 


Masten- Wright Corp., 2311 Whitney Ave., Hamden, Tel.: Atwater 8-1638 


Rousseau Controls Ltd., 640 Decourcelle St., Tel.: Glenview 3521 
Rousseau Controls Ltd., 2279 Yonge St., Tel: Mohawk 2776 





FENWAL Differential Expansion THERMOSWITCH’ Controls 
For Extreme Sensitivity 


These units are extremely rugged at the same time 
they are highly sensitive. All have the following features 
in common: Uniform sensitivity throughout the operat- 
ing range . . . built-in temperature anticipation . . . en- 
closed, tamper-proof assembly, direct radiant heat re- 
ception . operating range from —100° F to 600° F. 


THERMOSWITCH 
Type 


CARTRIDGE 
TYPE 
17000 Series 


HEX HEAD 
17100 Series 


FLANGE HEAD 
17300 Sevies 


ALL-PURPOSE 
17500 Series 


JUNCTION BOX 
IMMERSION 
17800 Series 


COUPLING 
HEAD 
18000 Series 


Temperature 
Range 


The control element is a single, metal shell that ex- 
pands or contracts instantaneously with temperature 
changes making or breaking the electrical contacts. The 
standard size, midget and miniature models all operate 
on this principle. 


Shell and 
Head Material 


Current Ratings 
(Non-Inductive ) 


100 to 


All C 
400°F Brass 


100 to 
600 F 


S.S. Shell 
Brass Head 


All Brass 


S.S. Shell 
Brass Head 
AC 
10 Amps 
All Brass 15 Volts 


5 Amps 


230 Volts 


S.S. Shell 
Brass Head 


DC 
All Brass 
2 Amps 
Nickel Plated 28 
S.S. Shell 2 Amps 


15 


Volts 


Volts 


All Brass 


S.S. Shell 


Brass Head 


All Brass 


S.S. Shell 
Brass Head 





el 


13100 Series 


15000 Series 


16000 Series 


Note: 
which is stainless steel shell nickel plated 


THERMOSWITCH 


DETECT-A-FIRE 
UNITS 


For standard temperature settings send for BULLETI’'4 MC 107 


100 to 400 F are all brass except 17500 Series which is brass nickel plated 


AT EE ST REE FI oe 


S.S. Shell 


AC 
Brass Head 


25 Amps 
115 Volts 
12.5 Amps 
230 Volts 


300 to 
1100 F 


S.S. Shell : 
Brass Head dC 

2 Amps 
28 Volts 
2 Amps 
115 Volts 


100 to 600°F are oll stainless steel shells, brass head, except 17500 Series 


units are available under the terms of Underwriters’ Laboratory listings if desired 





MIDGET THERMOSWITCH* CONTROLS 


For “tight spot’’ temperature control. Same advantages as 
Differential Expansion types. All units outstandingly re- 
sistant to shock and vibration. Wide temperature range per 


Helicopters « Airplanes « Molding Presses 


Applications: Computers «+ 


SERIES 67000° SERIES 67100"; 








VAC 32 VDOC 
SHELL and HEAD MATERIAL 


AVAILABLE CURRENT RATINGS 1 Amp 


TEMPERATURE RANGE 50°F t - F 


Amp 
Stain 


MINIATURE THERMOSWITCH 


For obtaining maximum control from minimum sized units 
conditions. Will withstand 
250 watt load. Available 


operating 
carry 


under most severe 


vibrations of over 5 G’s 
ters 


Applications: Precision Instruments Fans -ompu 


All terminals solder type 


mits use for teniperature control or detection in gases, solids 
liquids. All units factory 
mounting styles 


‘ 


set. Available in wide variety of 


es « Process Control Eq 


SERIES 67300° SERIES 12400 (Single Wire)** 





"1 Amp 48 VAC 


less Steel 


CONTROLS SERIES 32000 


mounting 


spring loaded mounting cl 


in wide variety of styles. Can be supplied with 


imps 


SURFACE MOUNTING THERMOSWITCH CONTROLS SERIES 30000 


Most economical THERMOSWITCH unit Rugged and dur- 
able Basic unit ideal for appliances or for general surface 


mounting. Units sealed in plastic are resistant to many 


THERMOSWITCH 
TYPE 


' 


Lo Temp 


sy ow 


ADJUSTABLE 


: Hi Temp 


= ¢ a 


TEMPERATURE 


types of oils used in industrial applications. Plastic enclosure 


is resistant to various acids and alkalies, and allows unit to 


be submerged directly in water and other noninjurious fluids 


SHELL AND 
HEAD MATERIAL 


CURRENT 


RANGE RATING 


SNAP-ACTION THERMOSWITCH CONTROLS 


Here’s how Snap-Action Units work the control action 
comes from an expandable liquid acting on a 
sembly which actuates the switch contacts through a push 


In Fenwal units, the liquid is outside the bellows, ad- 


bellows as- 


rod 


HEAD TYPE NO. 


(First three d 


201 202 


o 


gits 


Semi-enclosed Frame 


mmersion fitting, 


14 NPT shown 


Skeleton Frame im 
mersion fitting 2 4 


NPT shown 


DESIGNATION 


*Also 
Also 


STANDARD SNAP-SWITCHES 


different 


DIFFERENTIAL Std 


CONTROL SWITCH 
RATINGS (2) 


A C CONTACTOR 
SIZE 


ith and 


erature ranges trom 


jacent the shell, for shorter heat transfer pp: 
greater sensitivity. Wide choice of tem; 


75° F to 300° F 


to 


for all models 


Junction Box with 

dual Snap-Action 
ele < } Controls Traveling 
t , . differential type 
electr 


sealed; 


SPECIAL SNAP-SWITCHES (at additional cost) 


DIFFERENTIAL 


CONTROL SWITCH 
RATINGS (2) 


A Cc CONTACTOR 
SIZE 





FENWAL INDICATING CONTROLLERS 


ELECTRONIC 


The Fenwal Series 560 portable 
Indicating Controller adapts the 
superior thermoelectric properties 
of the revolutionary thermistor 
element, combining for the first 
time the three major modes of in- 
dicating control ON-OFF 
Proportional control Adjust- 
able differential all at the flip 
of a switch. 


BASIC UNIT 
TEMPERATURE RANGE 


CAT CAT 

SERIES ("F) SERIES Uc) 
NO NO 
56000 200 to 600 56050 to 315 
56001 0 to 150 56051 to 65 
56002 100 to 50 56052 to 10 
56003 100 to 300 56053 40 to 150 


SENSING PROBES 


CAT. SERIES NO HEAD STYLE 


70000 Cartridge 
70100 Hex 
70200 Coupling 
70300 Flange 


Glass probes for faster response are also available 


For further details write for Bulletin MC 140 


MECHANICAL 


Versatility and flexibility are the 
outstanding features of this Series 
541 controller! There are four basic 
housings in which are available: (1) a 
single circuit with one control pointer; 
(2) a dual circuit with internally ad- 
justable differential and one control 
pointer; (3) a dual circuit with in- 
ternally adjustable differential and 
two control pointers; or, (4) a dual 
circuit with externally adjustable differential and two 
control pointers. Single or multiple circuit control with 
a choice of four switch types and four temperature 
ranges are all available in splash and dust-proof hous- 
ings. Black, grey and white housing colors are furnished 
as standard, but other finishes are available to comple- 
ment your equipment! 

Extreme versatility at moderate cost. Accuracy with- 
in 1% of scale. 


TEMPERATURE RANGES 
A choice of four, ranging from —150° F to 700° F. 
Equivalent centigrade scales available. 


THREE BULB TYPES 

Three sensing bulb diameters ('4", 4” and %' 
each with blunt noses for flush contact and each with 
thin wall for fast response and maximum sensitivity 
are available to fit space limitations and process re- 
quirements. Standard capillary lengths are 6 and 10 feet 

special lengths on request. 

For further details write for Bulletin MC 139. 


UNIT THERMISTOR 
CONTROLLER 


Fenwal’s Series 53000 Unit Thermistor Controller en- 
ables highly accurate temperature control in a wide vari- 
ety of equipment, systems and processes. Utilizing the 
unique temperature-resistance 
property of thermistors, it is a 
new “electronic building block”’ 
concept of precision control. 


CONTROL — of 1 to 100 points 
SENSITIVITY less than 
0.25% of temperature range .. . 
RUGGED CONSTRUCTION with 
standard replaceable compon- 
ents . . . MODERATE COST 
EASY INSTALLATION. 


ELECTRONIC BUILDING BLOCKS 


One Controller serves each temperature control point 
and in the case of single point control each Controller 
is plugged into its own power supply. When more than 
one Controller is required to make up a system they 
may be fed from a common power supply. The Con- 
troller functions equally well as an individual unit or as 
part of a multiple system. Both local and remote adjust 
ment or master control adjustment for entire system is 
possible. 


POWER SUPPLY (series 82000) 


Models available for 115 230 VAC, 50-60 cycle. 


THERMISTOR PROBES series 70000 


Four basic probe head styles are available. Also, for 
applications that will not allow for their physical size, 
or where faster response is desired, bare thermistor ele- 
ments can be supplied. 


TEMPERATURE RANGES 


200 F to 600 F 

OF to 150 F For special ranges, 
100 F to 50 F 
100 F to 300 F 


consult factory 


For further details write for Bulletin MC 133 


FENWAL INCORPORATED 
20P PLEASANT STREET 
Ashland, Massachusetts 





CENTRIFUGAL BLOWERS—LOOSE SCROLL VANEAXIAL FANS 
N,=30,000 — 70,000 N,=50,000 — 125,000 





Engineered ta NVQ _, 
AP 0.75 


Our Fans and Your Equipment 
Become Smaller, Quieter and Cheaper 


PROPELLER FANS 
N,= 100,000 — 400,000 


CENTRIFUGAL BLOWERS — TIGHT SCROLL RADIAL WHEEL BLOWERS MULTISTAGE BLOWERS 
N,=9,000 — 40,000 N,=4,006 — 20,000 N,=900— 9,000 


The wide range of ROTRON FAN types enables our Application En- 
gineers to match accurately the SPECIFIC SPEED (N;) of our air 
movers with the LOAD-SPEED (L,) characteristics of your equipment 
for ultimate cooling efficiency. Send for CATALOG SHEET *20201-5 


ROTRON wanuracturine co. ne 
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SILVER GRAPHALLOY 


BRUSHES 


BRUSH HOLDER and CAP 


TAPERED INSULATING BUSHING 


© Ge: (|__ Me 


INSULATED ~ 
CAP 


Silver GRAPHALLOY Brushes have 
of LOW and CONSTANT 


been widely used because 
CONTACT DROP, EXTREMELY LOW 
ELECTRICAL NOISE and LONG LIFE...especially for rotating 
Strain gages, thermocouple circuits, synchros, guided mis- 
siles, fire control equipment, transducers, radar and sonar 
equipment, servo-mechanisms, selsyns, dynamotors and other 
avionic applications. 

The GRAPHALLOY process was patented over 40 years ago 
and the name GRAPHALLOY has been our registered trade- 
mark since that time. While this company has been selling 
GRAPHALLOY for over 40 years, recent developments have 
added materially to its properties. Over 200 grades are now 
used in a “— variety of applications. Silver GRAPHALLOY 
Brushes on ¥2”-diameter coin silver slip rings have been used 
successfully i in highly critical electrical circuits at speeds up 
to 100,000 R.P.M. Our Engineering Department will assist —e 
in determining the exact grade of GRAPHALLOY for your A FC DE 
needs. Ask for our Brush Inquiry Form 109. 145% hee. Ye Ma Ye — 
11509° 
11570* 


BRASS BODY 


-Ll< 


BRUSH HOLDER 


Other sizes 
available 


Suggested Minimum 
Slip-Ring Width 
Broached Hole 


Brush Holder 
**Mounting 

Hole Diameter 
Distance of Brush 
Holder to Slip Ring 


Brush Size 


mm 


Yi, .404 .418 .281 254, .129 
%2 50. Vs "Ar he 437% V4 404 .418 .281 254, .160 

Yigsq. 484 A » -441 451 313 2%> .192 
11527° Vasq. § 616 ' 6 -561 .573 .438 J .256 
Request and fill in Brush Inquiry Sheet, Form 109, 


supply the proper grade of brush ma 


BRUSH and SPRING ASSEMBLY 


Silver GraPHALLOY Brushes are available for the standard Brush 
Holders described in the next column. Springs are supplied, as part of 
the assembly, to give the correct brush pressure for each brush appli- 
cation, Shunts are provided to insure extremely low electrical noise 


level and for carrying heavy currents 
CAAA! | 


Ll i: >| 
SLIP RINGS—SOLID COIN SILVER 


Standard Coin Silver Slip Rings, both cylindrical and flat types, are 
illustrated below. We recommend the cylindrical type ring with three 
brushes per ring...spaced at 120°. The cylindrical type are designed 
for press fitting over standard steel shafting. The flat type rings are 
designed for nesting either on an insulated plate or for molding into 
insulation. Insulated Slip rings of either type or slip-ring assemblies 
can be furnished with leads attached 


so th 
terial 


at we can 
*Shunts ore provided. **Mounting holk 


diameter for brush holder dimension D0. 








DIAGRAM of 
BRUSH and 
SLIP-RING 
ASSEMBLY 


\ 
insulating 7% \ 
sleeve “~ 


eeeceeee eeeeeeeoeeoeeeeee 
Stondard ‘Flot’ rings hove 4 


contoct surface and Vv 


radial 
” radial spacing 


between odjocent rings 








Part No. 


ID Thickness 





Part No. 








168-20 
168-32 
168.44 
168-56 
168-68 
168-80 
168-92 


¥y, 6 


Vie 


168-104 
168-116 
168-128 
168-140 
168-152 
168-164 
168-176 
168-188 
168-200 
168-212 
168-224 
168-236 
168-248 
168-260 
168-272 
168-284 WY, 
168-296 


168.308 19% 
168-370 20 
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COPPER SLIP RINGS, flat or cylindric! 


116S-4** 


1165-6** 
1165-8°° 
116S-10°* 
116$-12°* 
1165-14** 
1165-16°* 
1165-18°* 
1165-19 
116$-23 
1165-27 
1165-35 
1165-43 
1165-52 
1165-60 
1165-68 
1165-76 
1165-84 
1165-92 
1165-102 
1165-118 
1165-134 
1165-150 
116S-166 


3.500 
4.000 
4.500 
5.000 
5.500 
6.000 
7.000 
8.000 
9.000 
10.000 


**Avoilable also in coin silver 
over brass. For inlaid omit ‘'S 


248 
373 
498 
-623 
748 
873 
-9% 
9% 
1.246 
1.496 
1.996 
2.4% 
2.996 
3.496 
3.996 
4.4% 
4.9% 
5.4% 
5.996 
6.996 
7.9% 
8.996 
9.996 
025” thick inloid 
from port number. 


are available in the obove sizes 


(garter 
springs) 


am) 


CONNECTORS 


These silver-plated coil spring 
Connectors make for positive 
electrical connection to the brass 
body of the brush holder by 
snapping into the groove on the 
holder. The connecting lead can 
be pre-soldered to the Con 
nector 


GarterSpring Brush Brush 
Connectors Size HolderNo. 


14326 
11509 
11570 
11527 


127.9 Ys 54. 
127-9 Ys 94. 
127-10 Vig 04. 
127.14 Va 3q 


GRAPHALLOY BUSHINGS 
Replace oil-lubricated bushings 
in synchros, instruments, timers 
and m 
idvantages: 1) Lower friction 
it room temperatures. 2) No oil 
to solidify at low temperatures 
3) No oil to carbonize at pro 
longed elevated temperatures 
isk for Data Sheets 
277 on Miniature 
GRAPHALLOY Bushings 


GRAPHALLOY CONTACTS 

GRAPHALLOY, because of its in 
herent, non-welding and arc- 
quenching characteristics, 1S 
used widely for contacts...espe- 
cially where positive breaking 
of a circuit is required 


issiles 


270 and 
Bronze 


CALL ON OUR OVER 40 YEARS OF DESIGN EXPERIENCE 
FOR HELP IN SOLVING YOUR BRUSH PROBLEMS! 
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...and SILVER GRAPHALLOY 


brush & slip-ring assemblies 


Model 399 GRAPHALLOY BRUSH 
and SLIP-RING ASSEMBLY 


PEDESTAL- > 
MOUNTED a 


a 
§- 
Overall 


Bolt Slot Distances Cl to CL 

Model __Rings Width Length Length** 
940C~CS~Sti‘éSNS:S y 
399-6 6 

399-10 10 

399.14 4 

Width 6'/,"”—Height 6'/)’ 
Shaft CL above base 3'/, 





**To outer end of coupling. 

Applications: from strain gage or thermo- 
couple up to 5 amperes, 125 volts, 250°F. 

Speeds to 5,000 RPM. 

Three Silver-GRAPHALLOY Brushes per solid 
coin silver slip ring. 

Extraneous noise level extremely low 

Rugged in design and construction 

Readily connected mechanically and 
electrically. 

Complete coupling provided for ie” shaft. 

More rings and higher speeds available upon 
application, 


Model 319 
CYLINDRICAL 


SLIP-RING 
ASSEMBLY 


Solid Coin Silver Rings 


a 
6 
10 
4 


Slip ring O.D. 1%”. Terminal O.D. 4”. 
Assembly I.D.: .814” /.813” 
Range: Same as for Model 399 


Model 409 


FLAT SLIP-RING ASSEMBLY 
Solid Coin Silver Rings 


ee Oe el 


Overall 
0.0.—"A" 


2 S'4 

4 7 
84 
WA 





Rings 


6 
10 
Hub O.D. 2”; 1.D. 1.573” 
To 5 amperes, 125 volts 
More rings available upon application. 


1.571”; Length 1%” 





Model 399C GRAPHALLOY BRUSH 


and SLIP-RING ASSEMBLY 


FLANGE- 
MOUNTED 


Bolt Circle for 
Mounting Driving 
Model _— Rings ~—— Flange 


Overall 
Coupling Length* 
399C-4 4 a Seo | ae 
399C-6 6 7 13%, 
399C-10 10 / 7 15% 
399C-14 “4 7 16%, 
Coase diometer: 6'/,” 
*From hemispherical end of cose to center of flange 
coupling. 


Details same as for Model 
follows: 

Rotor is attached by flange at end of shaft to 
customer's half of flange coupling 

Stator is attached, by flange ring thereon, to 
fixed mounting plate supplied by customer 
or, if flange mounting is not feasible, flange 
ring is omitted and stator is restrained fron 
rotation by shock cords attached to lugs on 
case. 

Convenient multi-contact detachable connect- 
or for incoming circuits, and another such 
connector for outgoing circuits 


399 except as 


Special brush and slip-ring 
assemblies to meet 
special requirements 


Bearing Assembly 





Three Brushes per 
Ring 120° Apart 


Comm Siiver 
A Slip Rings 























L \ _S t—— Bearing Assembly 


we 4) --. 
— 


GRAPHITE METALLIZING CORPORATION 
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GRAPHALLOY 
BRUSHES 


are used on 
such equioment as... 


SERVO SYSTEMS 
SYNCHROS 

SELSYNS 

CHOPPERS 

RADAR 

GYROS 

INVERTERS 

PULSE SYSTEMS 
GUIDED MISSILES 
DIGITAL COMPUTERS 
WAVE GUIDES 
SONAR 
TRANSDUCERS 
TORQUE INDICATORS 


CHOPPER 
COMMUTATOR 


uy, 
BRUSH 
ASSEMBLY 


SPRING BINDING POST 


“We Specialize in 
Special Designs” 
OUR ENGINEERING DEPARTMENT WILL 


DEVELOP OR ASSIST YOU IN DEVELOPING 
SPECIAL COMPONENTS AND ASSEMBLIES 


1011 NEPPERHAN AVE. 


YONKERS, N. Y. 
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Yndld Mstnetio Majeriae 


ARNOLD magnetic materials can answer all your requirements. 
It is the most complete line in the industry; and in addition, 
Arnold maintains complete control over every production step 


from raw materials to finished products. Such a source can bring 
you advantages in long experience and undivided responsibility, 
and in unequalled facilities for quality production and control. 


©@ Let us supply your needs. 





C and E cut cores, tape wound cores, 
and bobbin cores... 


TYPES “C” AND “E”’ CUT CORES 


Available in more than 500 standard sizes and 
almost any special size, Arnold “‘C’’ and “E” 
Cores are made from precision-rolled Silectron 
strip (highly oriented silicon steel) in 1, 2, 4 or 
12-mil thicknesses and a wide variety of window 
sizes and core areas, for high and low-frequency 
applications. Sizes range from a fraction of an 
ounce to hundreds of pounds 

Insulated strip of the proper width is wound on a mandrel, then heat 
treated, bonded and cut into halves. Careful control results in accurately 
dimensioned and matched core halves whose effective air gap at the burt 
joint is very small. Rigid standard tests are employed for both “‘C’’ and 
“E” types of cores, and special tests where required. 


Write for Bulletin SC-107 


TAPE WOUND CORES 


Depending upon the specific properties required, 

Arnold Tape Wound Cores are available made 

of Deltamax, 4-79 Mo-Permalloy, Supermalloy, 

Mumetal, 4750 Electrical Metal, or Silectron . .. 

in standard tape thicknesses of 1, 2, 4 or 12-mils, 

and in ultra-thin gauges of 4% and %-mil where 
Write for Bulletin TC-101A ‘quired. 

‘ This gapless type of core construction results 
in maximum effective working permeability with minimum flux leakage. 
Practically any size core can be supplied, from a fraction of a gram to 
hundreds of pounds. Toroidal cores are made in 30 standard sizes with 
protective nylon or aluminum cases. Special sizes of toroidal cores, and 
all square or rectangular tape wound cores, are produced to individual 
requirements. 


BOBBIN CORES 


These cores, fabricated by winding ultra-thin 
tape of high-permeability magnetic materials on 
ceramic bobbin cores, possess ideal qualities 
for use in electronic computer assemblies. Their 
desirable properties include quite rectangular 
hysteresis loops, relatively low coercive values 
and high saturation densities; plus temperature 
stability and the ability to shift in a few micro- 
seconds from negative remanence to positive saturation, and vice versa, 
, under conditions of pulse excitation. 


Write for Bulletin TC-108 


Mo-Permalloy powder cores. 


Iron powder cores. 





Arnold Bobbin Cores are available in a wide range of sizes, tape thick- 
nesses, widths and number of wraps to suit the ultimate use of the core. 
Magnetic materials usually employed are Deltramax, Square Permalloy 
and Supermalloy, in standard thicknesses of 1, %, 4% and % mil. Special 
advantages derive from Arnold's position as a fully-integrated producer 
of wound cores, able to maintain precise control over every production 
operation . . . melting, rolling, winding, testing, etc. 


MO-PERMALLOY POWDER CORES 


These toroids provide high Q in a small volume, 
characterized by low eddy current and hysteresis 
losses. 

Arnold Mo-Permalloy powder cores are sup- 
plied in four standard permeabilities: 125, 60, 
26 and 14 Mu. They provide constant permea- 
Write for Bulletin PC-1048 Dility over a wide range of flux density. The 125 
Mu cores are recommended for use up to 15 kc; 
the 60 Mu at 10 to 50 kc; the 26 Mu at 30 to 75 kc; and the 14 Mu at 
50 to 200 kc. Many of these cores may be furnished stabilized to pro- 
vide constant permeability (+0.1%) over a specific temperature range. 
Arnold Mo-Permalloy powder toroids are available in a wide range of 
sizes, to obtain nominal inductances as high as 281 mh/1000 turns. 
They are given various types of enamel and varnish finishes, some of 
which permit winding with heavy Formex insulated wire without 

supplementary insulation over the core. 


IRON POWDER CORES 


Arnold quality control of iron powder cores 
includes the maintaining of rigid electrical, 
physical and dimensional specifications 
unmatched in the industry. A wide selection of 
cores is available, from simple cylinders to spe- 
cial cores of complicated design. The line in- 
cludes all standard types and sizes of threaded 
cores, cup, sleeve, slug and cylindrical insert 
cores: for use in antenna and RF coils, oscillator coils, IF coils, perm 
tuning, FM coils, television RF coils, noise filter coils, induction 
heating and bombarder coils, and other low frequency applications. A 
standard series of iron powder toroids is also manufactured, conforming 
to the standard sizes proposed by the Metal Powder Association. 


Write for Bulletin PC-109 





The most complete line in the industry 
.»-made by a fully integrated producer 





Sendust powder cores. 
magnets. 


SENDUST POWDER CORES 


Write for Bulletin SDC-10 


Sendust Powder Cores are available in a wide selection of sizes, ranging 
from .800’’ O.D. to O.D., and in permeabilities of 10, 13, 25, 
30, 50 and 80, although not all sizes are available in all permeabilities 

Sendust cores possess magnetic properties that are generally superior 
to iron powder cores, but inferior to Mo-Permalloy powder cores in the 
audio and carrier frequency range. The eddy current loss for Sendust 
cores is lower than that of Mo-Permalloy powder cores, but the hysteresis 
loss of Sendust cores is substantially higher, and they also have higher 
values of electrical resistivity 
the two types are somewhat similar, but Sendust cores contain no scarce 
Or strategic materials and can offer a core source in times of alloy shortage. 


3.346 


In other characteristics of powder cores, 


ALNICO MAGNETS—cast and Sintered 


Arnold manufactures permanent magnets from 
all grades of Alnico, Alnico V is 
usually the preferred type 
of energy product of that alloy. Alnico magnets 
are quite hard and somewhat brittle and be 
machined only by grinding. Most sizes and 
shapes are manufactured as sand castings and 
are made to the customer's drawings and speci- 
fications. Some types and shapes of Alnico Magnets are carried as stock 
items. 

Some small sizes of magnets may be furnished in sintered Alnico, and 
a wide range of shapes are carried in stock for quick delivery. Special 
shapes made in this way, however, require rather expensive dies. 





10ugh 


due to the high value 


may 





Write for Bulletin GC-1068 
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Various types and sizes of sintered Alnico | 


awe 
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A wide variety of cast Ainico magnets, 


SPECIAL MAGNETIC MATERIALS 


Write for Bulletin GC-1068 


10% vanadium, 
1¢ form of Cast- 
tubing 
machinable 
The alloy finds its greatest usefulness in the torn rged rotors, stamped 
parts and special The Hc, is about 250 
oersteds, the residual induction, Br, is about 7500 gausses and the energy 
product, BH 


Vicalloy is a permanent magnet alloy containing about 
50% cobalt and the balance iron. It may be fabricated int 
ings, hot rolled bars and forgings or cold rolled strip,wire and 
After suitable heat treatment, the material is quite readily 


recording tape coercive force 


max, 1s about 0.8 x 10° 


Supermendur is a new material composed of about 2% vanadium, 49% 
19% It work hardens slowly and can be rolled from 
liate softening treatments. Even 

tile and can be bent back upon 
at room temperature 
Juction, Br, of 
000 at 20,000 
for such applications as 
etic amplihers, telephone 
emory 


iron and cobalt 


090” to less than .001” without interme 


after severe cold reduction, it remains duc 
itself without fracture. Experimental cores measured 
showed a coercive force, Hc, of 0.2( 
21,000 gausses, and a maximum permeability, 4, of 6¢ 
gausses be be 


a residual in 





oersted 


Presently, it appears to be 
power transformers, pulse transformers, mag 
receiver diaphragms, and switching and m 








sevices 


Cunife is a permanent magnet alloy of copper, nickel and iron which is 
& ) PI 


malleable, ductile and machinable, even after it has been age hardened. 

The magnetic properties of Cunife are developed by cold working and 
& 

are directional, with the best magnetic properties found only in the 


smaller sizes of rods or wires. 


‘OMPANY 
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Boston: 200 Berkeley Street, HAncock 6-8270 Los Angeles: 3450 Wilshire Boulevard, DUnkirk 8-0361 New York: 350 } Avenue, OXford 5-1685 
Washington, D.C.: 1001 Fifteenth Street, N.W., EXecutive 3-4232 
REPRESENTATIVES 
Export: Sylvan Ginsbury, Ltd., 8 West 40th Street, New York 18, N.Y. LOngacre 4-7585 

Buffalo, N. Y.: Brace-Mueller-Huntley, Inc., 1807 Elmwood Avenue, Victoria 8700 Milwaukee, Wis.: Frank W. Ladky Assoc., 4604 North W m Drive, WOodruff 2-2940 
Cleveland, Ohio: Ernie Kohler ciates 1¢, OLympic 1-1242 Minneapolis, Minn.: Frank B. Elam, 6524 W. Walker Stre wt »-$161 
Dallas, Texas: Southwest Electronic Industr tice Street, FOrest 8-8306 Philadelphia, Pa.: W. R. Murphy, 520 East Moreland Avenue, W 
Dayton, Ohio: Ernie Kohler Associates, 2800 Far Hills Ave., OXmoor 2813 CHestnut Hill 7-0831 
Fort Myers, Fla.: Arthur H. Lynch, 35 West North Shore Ave., EDison 2-1109 Rochester, N.Y Brace-Mueller-Huntley, I 315 Hollenbeck Street, COngress 6560 
Jackson, Mich.: M. J. Parshall, 414 Sulgrave, STate 4-5663 Seattle, Wash.: The National Company, | 903 Western Avenue. MUtual 2456 
Kansas City, Mo.: A. E. Dawson, 5546 Troost Avenue, Hl land 4-7839 Syracuse, N.Y.: Brace-Mueller-Huntley, | Tt Road, HOward 53-3341 


Home Office and Plant: Marengo, Ill. 


Repath Pacific Division Plant: 
BRANCH OFFICES 














641 East 61 Street, Los Angeles, California 





SILICON and 
SELENIU 


Rectifiers 


Sarkes Tarzian area type silicon rectifiers are made by a special process that provides 

optimum forward to reverse ratios and long useful life. Current ratings for half wave 

application rgnge from 500 milliamperes dc to 15 amperes dc and voltage ratings per . 

unit range from 50 to 400 volts peak inverse. Small size coupled with high efficiency AG 

and allowable high ambient temperatures make silicon rectifiers the practical component _ é an 
for most applications that require dc power. Our staff of competent power conversion 

engineers is ready to consider your application for prompt recommendations. Write, | _tyeen 
wire or phone. 





Type M sil . rs e Type P—The P series of silicon Type LF—Use of a speciol heat 
rated at 500 milliampe d th rectifiers includes the some end sink orrangement ond hardwore 

a 10 terminal designs os the N series. allows a current rating of 5 am- 
peres dc from the Type L recti- 
fier. Precautions must be taken, 
however, to provide odequate 
tion cooling and 5 amperes cooling area to limit case temper- 
when a heat sink is used. Volt- oture. Voltage ratings range from 
age rating ange from 50 to 100 to 400 volts peck inverse 
400 volts peak inverse 


The dc current ratings, however, 
are 1.5 amperes with convec- 


Type Q—The © series of recti- 

Type L silicon rectifiers are fiers is provided with axial studs 
ed ot 5S omps in holf weve only, however, it is possible to 
attach special end terminals. The 
current rating is 7.5 amperes in 
convection cooled applications 
ond 15 amperes when oa heat sink 
standard fuse clips. Low is used. Peak inverse voltage rot 
cost holders ore available ings range from 50 te 300 volts. 


inverse voltage 

to 400 volts. 
Mounting is by means of ferrules 
thot fit 


Write for complete information 





A Rectifier for Every Application 





A wide selection of Selenium Rectifier designs is offered to the design engineer by the pa 
. ‘ a . . prem n j 
Sarkes Tarzian line. It is possible to provide ratings of a few milliamperes to thousands . j 
: < Temperature 
of amperes and from a few volts to thousands of volts by using series, parallel and 
series-parallel arrangements. Whatever your power conversion problem write for 
specific recommendations for your application. 


4 


Standard and High Temperature—Sarkes Tarzian standard and high temperature selenium . 


: “Hig Radio- 
rectifiers offer the design engineer a variety of combinations. The standard line includes fourteen Coleuiel 
basic cell sizes and the high temperature line includes nine cell sizes. Maximum permissible cell Srevision 
temperature on high temperature types is 150°C. 


Radio-Television Types—Radio and Television type selenium rectifiers are mess produced 
under tight quality control standards. The resultant good availability, good quality and low price 
have made these types popular in a variety of electronic eavipments. 


Embedments—Embedments provide a small unit at relatively low cost when extreme environ- Embedments 


mental or shock conditions are anticipated. Six basic cell sizes are available to assemble various 
combinations. 


High Voltage—Series stacking of cells in glass or phenolic enclosures increases voltage ratings 
and half wave units are available with ratings as high as 7500 volts peok inverse with current 
ratings as high as 25 milliamperes. Axial leads or ferrules are available for connection. 


<~<c-2mrmwn 


High 
Remember—whatever your problem on power conversion, Voltage 
let Sarkes Tarzian applications engineers provide you with the practical answer. 


Send for your copies of the Selenium and Silicon rectifier handbooks. 





Sarkes Tarzian, Inc. RECTIFIER DIVISION 


415 NORTH COLLEGE AVE., DEPT. PEI, BLOOMINGTON, IND. 


IN CANADA: 700 Weston Road, Toronto 9, Tel. Rogers 2-7535 ¢ Export: Adauriema, Inc., New York City 
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® MULTIPLE HEADERS 
2 & 
reese 6A 
OY CSS P 


! e SINGLE LEAD TERMINALS 
/ a so 


i . , — > ~~” 
® PLUG-IN CONNECTORS 


es a 
‘Ss cy ig) ¥S ® 


) O’g 
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® TRANSISTOR CLOSURES 


GNGBHESO 


~o" CUSTOM TERMINATIONS 


é 
t 
i 
f 
' 


y 


Herme tically Oealed miniature, 
sub-miniature or standard E-I terminals are 
specified for performance plus in military and 
commercial service. These dependable com- 
pression seals perform successfully under the 
most gruelling conditions offer maximum 
immunity to shock, vibration and wide varia- 
tions of temperature and pressures. Check your 
sealed terminal requirements with E-I —rec- 
ommendations will be made on your specific 
applications without obligation 


ELECTRICAL 
INDUSTRIES 


691 CENTRAL AVENUE, MURRAY HILL, NEW JERSEY 














TRANSFORMERS 


FOR — 


HEATING 


TESTING 


POWER 


ELECTRONIC 


ELECTRIC FURNACE 


SPECIAL WELDING 


PHASE CHANGING 


PRECIPITATION 


CONTROLLING 


RESEARCH 


LIGHTING 


INDUSTRIAL 


MEASURING 


SIGNALING 


HIGH and LOW 


VOLTAGE 


SPECIALISTS in TRANSFORMERS 


> Over 30 years of know-how in special transformer design and manufacture 
The illustrations shown here are only a few of the many types manufactured. 














| 





High Voltage Test up to 50 KV, 


Often equipped with circuit break- 


ers, indicating meter and variable 
avto transformer input to 20KVA 


Current Transformer. Phase 
Angle error corrected 2.4 


minutes. Accuracy 2 of 1%. 


1 to 10,000 amperes 


High Impedance or Current - 
Limiting Transformer in both 
Core Type as above, or in 
Shell Type. 0.1 to 20 KVA 








. 











Audio Transformer, from 2 
Cycles to 3 KC in sizes 
from 1 to 100 KWA 


Air Core Reactors 
0.1 to 50 KVA 


3 Phase Auto Transformer 
for Step-up or Step-down 
Open Frame. Up to 300 KVA 








9 





\ 





¥ 





Multi-filament transformer 
vp to 10 KVA and up to 
60 KV insulation. 


Multi-voltage Transformer 
vp to 1 KVA 


Multi-Voltage Transformer 
for test or experimental 
vse. 0.1 to 50 KVA 

















Soturable Core Reactors from 
sizes 1 to 200 KVA 


Rectifying Transformer 1, 2 
or 3 Phase, 1 to 3000 
Amp. up to 300 KVA 


Phase Changing Transformer 
2 to 300 KVA 


send for catalog 


WINDING LABORATORIES, INC. 


P. O. Box 455, Dept. 130, TRENTON, N. J. 
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MILLIONS OF VARIABLE RESISTORS 
for every commercial and military need 


© A world-wide reputation . . . for economical uniform high © 315,000 sq. ft. of plant area devoted to variable resistors 
quality assembly . . . on a precision mass production basis . . . e Exceptionally good delivery cycle . . 
by 1500 skilled, trained-on-the-job specialists . . . to your exact military orders 
individual specification. © Write for complete 62 page catalog today. 


. on both commercial and 


Typical Bushing Mounted Controls Typical Ear-Mounted Controls Typical Printed Circuit Controls Typical Military Controls 


= 


os 


Hollow shaft twist ear mounted 15/16” Bushing mounted 15/16” diameter con- 
diameter composition for screwdriver centric tandem composition with SPST 
adjustment switch 


15/16” diameter composition 


Deel 
== 


c tandem tone oune . Self-supporting snap-in bracket mounted 
mposition variable resistor Twist ear mounted 15/16” diameter com- 15/16” diameter composition with SPST 
n-off switch position with SPST switch ewitch 


bie Sa a | t 


3 


1-17/64" diameter 2 watt wirewound Miniaturized clinch ear mounted com- Miniaturized bushing mounted 3/4” dia- 
position meter composition 


' ax 
- a 


_ Miniaturized clinch ear mounted com 1-17/32” diameter 4 watt wirewound 
ce Soa J wie 99 cds 


5 et 


“ 


WEST COAST MANUFACTURERS: Many types of variable resistors now in production Variable resistors shown 1/3 actual size 
at our South Pasadena plant. Your coil, transformer and compression molding 
business also invited. Prompt delivery. Modern versatile equipment. L. A. phone 
Clinton 5-7186. 

WEST COAST SUBSIDIARY EAST COAST OFFICE SOUTH AMERICA 

Chicago Telephone of 130 N. Broadway Jose Luis Pontet 

California, inc Camden 2, New Jersey Buenos Aires, Argentina 
105 Pasadena Avenue Phone: Woodlawn 6-1668 Montevideo, Uruguay 
South Pasadena, Calif TWX No. Camden NJ 380 Rio de Janeiro, Brazil 


L.A. Phone: Clinton 5-7186 Phila. Phone: Market 7-3129 Sao Paulo, Brazil CHICAGO TELEPHONE SUPPLY 
TWX LA 1105 SOUTHWESTERN U.S.A OTHER EXPORT 


f . 
CANADIAN SUBSIDIARY john A. Green Company Sylvan Ginsbury Co fic patton 
C. C. Meredith & Co., Ltd 137 Parkhouse 8 West 40th Street 


Streetsville, Ontario Dallas 7, Texas New York 18, New York 


Phone: 310 Phone: Riverside 3266 Phone: Pennsylvania 6-8239 ELKWART + INDIANA 


The Exclusive Specialists in Precision Mass Production of Variable Resistors «+ Founded 1896 
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WARD LEONARD 


Design made easy with reliable 4 
RESISTORS, RELAYS, RHEOSTATS 


Want to know how? These data-packed bul- 
letins and catalogs will show you. 


RESISTORS — you'll find the widest selection of 


stock power resistors ever offered by any manufac- 
turer in Ward Leonard Catalog 15. 


RELAYS —long, trouble-free life under the most ad- 
verse conditions is the big plus the system designer 
gets with the a-c and d-c relays described in Ward 
Leonard’s relay catalog. 


RHEOSTATS —complete application data on smooth- 
acting 25- to 300-watt Vitrohm ring rheostats is con- 
tained in Ward Leonard bulletins 1105-16. 

Write today for this helpful literature. You'll find 
plenty of design tips. And, you'll find Ward Leonard 
offers a wider selection of stock items, quicker service 
on made-to-order controls, and more performance per 
dollar than anyone else. Ward Leonard Electric Com- 
pany, 89 South St., Mount Vernon, N.Y. (In Canada: 
Ward Leonard of Canada, Ltd.,—Toronto.) 4, 


(y WARD LEONARD ¢- - (°) : 
Te) ELECTRIC COMPANY : 


MOUNT VERNON, NEW YORK 


% 


etiars 


atsistoes aneoitats conteois Oimmens 


BReslO-EE ryneored Contiols Since (492 
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BR ad A ees 


Servos p for practically 
all’ standard 60 and 400 cps 
motors, from 1 watt up to 2000 
watts. Completely self-contained 
Can be supplied with means for 
Stabilizing servo system perform 

ance for various parameters such 
as load inertias, gear ratios, et 


+ 


POWER. 


Application-tested 
MA Inc. Standard 
Products and 
Custom-engineered 
Equipment 


Tt 

PRECISION AIRBORNE POWER SUPPLIES 
Originally developed by MA Inc. for the 
reference circuit of intercontinental 
guided missiles. Unique design employs 


including magnetic servo amplifiers, 
vanriabl sper d drives, miniature 


amplifiers, analog « omputers for 

























magnetic amplifiers in combination with special applications, photo-electric 
high reliability vacuum tubes, silicon controls, regulated power supplies 
diodes and a special constant tempera 

ture oven. and automatic control equipment. 







) ( Ol yulle SO ‘C- 
HYDRAULIC VALVE AMPLIFIER = Call or write for bulletins or ree 


Miniaturized, high performance magnet 
amplifier for critical applicat High 
gain, fast response achieved in single 
Stage by operating at a supply frequency 
of 5000 cps or 36 ps. Designed for 
controlling hydrau . and 
other low power output device 


ommendations on your control o1 





systems engineering problems. 





















MINIATURE SERVO AMPLIFIER (TRANSI-MAG ®) 


Compact design f e and aircraft servo applicat 
Features high ga Tast reset e, drift-tree character 
Completely self tained, requires no power supply 


modulatior 


f 
4. Servo j0of obtaine 










4 EMA SPECIAL ANALOG COMPUTER 
For missile acquisition systems. Comg 


; 















TRANSISTOR AND POWER-TRANSISTOR -f 
CURVE TRACER 

Displays collector and transfer curves 
on cathode ray oscilloscope. Handles all 
types of transistors and power transis 

tors. Curve tracer permits rapid deter 

mination of parameters. For selecting 

matching and detecting anomalies and 
rejects 







STATIC FREQUENCY MULTIPLIERS "? 
For the?conversion of A.C. power at the 
commonly available frequencies to high 
frequency multipliers. Frequency conver 
sion is accomplished by magnetic cir 
cuits without the use of vacuum tubes 
Single or multi-stage units for operation 
from single phase or polyphase supply 
lines can be designed to fit specific 
applications. 







MAGNE-SPEED 
VARIABLE SPEED DRIVES 


















MAGNETIC AMPLIFIERS - INC 


632 TINTON AVENUE, NEW YORK 55, NEW YORK ® Tel. CYpress 2-6610 sa dh de 


. . . Va 1 ) d 1 H 
West Coast Division = “<i 
136 WASHINGTON ST., EL SEGUNDO, CALIFORNIA @ Tel. EAstgate 2-2056 — 


Part of your 
production 


line... 


GILLEN 
Keying and 
Pinning Devices 
immediately 
ready for final 
assembly! 


That’s John Gillen policy! We think of 
ourselves as part of your production line. 
So, all of our keying and pinning devices 
are precision-made, completely deburred, 
immediately ready for final assembly 
when you receive them. Our complete de- 
sign and planning services are available 
to solve your keying and pinning prob- 
lems. Write to John Gillen Company at 
the address below. Blueprints will receive 
prompt quotations. Ask for samples in 
the sizes and types you want. 


WOODRUFF KEYS 

Stocked in many sizes. Available in Carbon Steel, not 
heat treated and in Nickel Steel, heat treated. Size and 
price chart available on request for Engineering, Draft- 
ing, Purchasing, Production, or Parts Departments. 


DOWEL PINS 

Furnished in the commercial hardened and ground 
type as well as soft pins to your special tolerances 
from all types of metals. 


JOHN GILLEN COMPANY 


Keying and Pinning Devices 


2572 South 50th Avenue, Cicero 50, Ill. 


A subsidiary of 
Standard Railway Equipment Manufacturing Company 





TAPER PINS 


Uniform, fine finish—coated to resist rust. Available 
in a complete range of sizes in: carbon steels; alloy 
steels, heat treated; stainless steel; monel; brass; 
bronze and others. Available in three types: commer- 
cial turned for average work; special accuracy turned 
for closer than average application; and centerless 
ground, for extremely accurate applications. 














GROOVE PINS 

Six types; many lengths and diameters; a neat, 
economical pinning method requiring no tapping, 
threading, reaming. Grooves compress and reform 
to diameter of hole for a positive fit. Available in car- 
bon steel, zinc plated and other metals. 


es 


MACHINE KEYS 

Standard Gib Head and Plain Taper Keys, Straight 
and Round End Feather Keys. Precision milled from 
C-1018 steel to close tolerances. Also made to speci- 
fications in any shape or size from various metals. 


SPECIAL MACHINE PARTS 


Any production part in a square or flat shape requiring 
milling, drilling, tapping, heattreating or surface grind- 
ing from either ferrous or non-ferrous metals. 
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This is the relay you’ve asked us to build. Now 
Automatic Electric is happy to present its latest 
achievement—the miniature Class ‘‘E’’. We’re 
proud because this husky baby brother of the Class 
““B” condenses all of its famous features in a min- 
imum of space and weight . . . with no sacrifice of 
quality! Many Class ““E” features appear for the 
first time in a relay of such compact size. Here’s a 
relay which is indispensable where small size and 
weight (coupled with reliable performance) are of 
prime importance. 


This new miniature relay comes to you with a 
solid reputation, backed by 65 years of leadership in 
automatic dial telephone equipment for America’s 
Independent telephone companies and leadership 
in industrial controls for industry. 


Check these features of the new Class ““E””— 


® miniaturized, telephone-style, base mounting for 
rear-connected wiring. 


® heavy thickness armature arms (previously avail- 
able only in larger relays). 


® heavy-duty backstop that won’t wear out. 

® adequate terminal clearances for easy wiring. 
long-life, lubricant-retaining bearing also allows 
for an easy check of the heelpiece airline setting, 
without disturbing the adjustment. 

* fully independent twin contact springs. 


® sturdy, strain-relieved heelpiece insures stability 
of adjustment. 


For more information, call or write Automatic 
Electric Sales Corporation, Northlake, Illinois. Jn 
Canada: Automatic Electric Sales (Canada) Ltd., 
Toronto. Offices in principal cities. 


AUTOMATIC = ELECTRIC 


One of America's great communications systems \S' 


A member of the General Telephone System - 
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={e) ie Precision Protects YOU! 
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BORG 900 SERIES MICROPOTS 


Extreme Accuracy ¢ Finer Resolution « Longer Lived 


Advantages? You bet! High precision . . . extreme accuracy . . . finer 
resolution . . . low torque and long life under severe and adverse environ- 
mental conditions are but a few of the advantages found in Borg 900 


Series Micropots. - GANGED 


Borg Micropots have long been preferred for many applications including 
missiles, aircraft instrumentation, radar and sonar equipment, communica- 
tions and electronic devices, computors and scientific apparatus. 


am" . : . , 10-TURN 
Borg has a 900 Series Micropot to fit your needs... readily available in 


production quantities. Borg has geared production to assure you fast 
delivery of any model in any quantity. Let us send you more information 


and the name of your nearest Borg “Tech Rep”. 


Write for Complete Engineering Data 


CATALOG BED-A56 Trimming MICROPOT 
pate 


(ia. 
BORG EQUIPMENT DIVISION °BiR 


THE GEORGE W. BORG CORPORATION 


+ A 
9, MOTORS 
JANESVILLE, WISCONSIN VIPME ICROPOTS 


MICRODIALS 
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COPPER 


ALUMINUM 


\ 
owe 


MArket 3-7584 


/ A complete solution to your closure problem is as near 
as your telephone! Chances are, Hudson can supply an 
economical standard stock item, from factory stocks, 
MU METAL that will meet your requirements exactly. Where 


specifications call for unusual designs, Hudson can 


produce precision-drawn custom closures to meet your 
assembly line schedules 
STEEL Hudson standard and special closures are available 


with complete cover assemblies if desired. Quotations 
on sub-assemblies, including certified spot welding 


STAINLESS STEEL and silver soldering will be supplied promptly on 


receipt of your drawings and data 


ES 





Write or phone fora copy 
of the Hudson catalog 


drawn cases and covers 





Standard Complete Special 
Round Cover Custom 
Cases Assemblies Closures 


Standard 
Square 
Cases 


Standard 
Rectangular 
Cases 


' 
’ 

° 

‘ 

' 

= ' 

on standard precision- : 
‘ 

: 

' 

‘ 


TOOL @& DIE CO - INC 


18.38 MALVERN ST., NEWARK 5. N. J. — Tel. MArket 3-7584 


HUDSON (i;;) 
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pa Waters Wire Wound 
Minia ture Precision Potentiometers 


have a proven reputation for reliability. Built to applicable mili 

PO FENTIOMETER tary specifications, they are available in many variations — 
“a ganged, tapped, with various electrical and mechanical angles 
Precision locking shafts, anti-rotation pins, ““O" rings, custom shafts and 


the new dual Concentric Shaft construction. Write for catalog. 


Full 
Size 


AP'2 oe =—APNS RT/RTS”* S2S2NS API-1/16 LT% “LO TORK” LLT% 


Miniature 2. earings ewe earmnngs 
BUSHING SERVO AP1'2 Vg MOUNT WP! 5/g Ball B Miniature lie Sevan 1B g 
STANDARD WATERS ELECTRICAL AND MECHANICAL SPECIFICATIONS 


M Resistance | Linearit | Linearity Case Case Length | Case Length | 
odel Range +5%*_ (Bushing)* _ ___ (Servo) (S)*__| _— Diameter (Bushing) |___ (Servo) (S)__ 





Shaft Diameter 


5%-2% 3%-2% es , . , , 
AP ' Y2-250 K ohm " a % = Yo inch ¥% inch min Ye inch min. Ye inch 





RT/RTS % | '¥a-250 K ohm 3% az inch | _%inch | _‘Yainch Ye" / Va.” 


T% ——_—_—i| 25-100 Kohm None 0.5% inch ; None 0.80 inch Y_ inch 











UT % Yq-150 K ohm None 0.5% inch None 0.80 inch 0.040” 
AP 11/16 Ya-350 K ohm 2% 1% -1/16 inch Yq inch : a 16 inch Ye inch 


AP 1%, ‘a- 350 K ohm 2% 1% 1% i inch ms Yo inch | 16 inch “, inch 


WP 1% ; | Y- 500K ohm | i 0.5% 














0. — 1% inch 2-5/32inch | a 32 inch Y%, inch 





iations available on special order, forward re quirements ipt analy Details subjec an 
STANDARD RESISTANCES = ALL SERIES, 50, 100, 200, 500, 1K, 2K. 5K, “10K, “20K, 25K. IN “ADDITION, “40K ond 50K ON RT/RTS% AND 
“LO TORK" SERIES AND 40K, 50K AND 100K ON AP 1-1/16, AP 1% AND WP 1% SERIES. 


Waters Components 
COMPONENTS and 
and Panel Meters 


include an ever-increasing variety of high-quality prod- 


PANEL METERS ucts. Write for our latest catalogs whenever you need 


electronic components. 


——— R-F CHOKES 


Model 250 Model 350S Model PS250 








Model Size Description Ranges D-c Types __A-e Rectifier Types 


250 2% Round Bakelite case Microamperes 0-25 to 0-9000 0-100 to 0-900 
260 242” __Round metal case* Milliamperes 0-1 to0-1000 —O-1 to 0-500 
PS250 242 ___ Rectangular lear plastic case Amperes 0-1 to 0-20! - 
350 ye” R kel/ — —_____— 
3 und Bakelite case Millivolts 0-10 to 0-1000 
360 __Round metal case* — nnn Ancien. tenn 
PS350 > ~_ Rectangular, ¢ lear r plastic : case Volts 0-1 to0-50073 0-1 to 0-500° 
250-S 2 ~ Rec tangular black Bakelite ca case 
350-S 3% Rectangular biack Bakelite case used with an external shunt 
450-S 412 Rectangular biack Bakelite c; case ; 2 1000 ohms per volt. 
450-SP 442” Rectangular black Bakelite case; 3 External resistor required over 500 volts. 
has provision for front illumination *Hermetically sealed MIL-M-6A JAN-1-6 











‘Over 20 amperes, a 50-millivolt movement is 





APPLICATION ENGINEERING OFFICES 
IN PRINCIPAL CITIES 


MANUFACTURING, inc. 
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Slip Ring Assemblies 
Brush Assemblies 
Commutators 


TO FIT REQUIREMENT 


Poly-Scientific offers you the greatest versatility, precision and performance in the 
slip ring industry. Every slip ring and brush assembly by Poly-Scientific is custom made to 
fit your individual requirements ... permitting almost limitless variation in design 


Poly-Scientific’s perfected manufacturing processes result in improved all-around 
performance... allow for greater miniaturization through increased strength and rigidity 
. provide closer dimensional tolerances and better alignment. Of particular importance to 
design engineers is the availability of all the noble metals and alloys for the centact sur- 
faces. The resulting flexibility of design enables selection of the optimum material with the 
proper hardness for each specific application, thereby significantly improving electrical 
characteristics, increasing wear resistance and reducing noise. Poly-Scientific offers a 
variety of Epoxy formulations for the dielectric portion of the assemblies...the proper 
formulation for each application 


Poly-Scientific’s technical staff has had very wide specialized research experience in 
solving slip ring and commutation problems for leading instrument manufacturers...a 
wealth of information and experience is thus available to you at no obligation. So remember 
..for increased flexibility in design, for guaranteed improved performance, for depend- 
able, longer tarnish-free life...in short, for the finest in the industry, specify Poly 
Scientific. Best of all, these precision products are competitive in price. 


Get the full story... write today for descriptive literature 
Slip Ring Assembiies > Brush Assemblies + Commutators 


Paty Goon 


CORPORATION 


BLACKSBURG, VIRGINIA 
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A four element miniature brush assembly 


attain optimum mechanical and electrica 


» A three circuit, raised barrier slip ring assemb 


into the customer's trunnion 


+ A subminiature three ring assembly with t 


leads and a typical stainiess steel backshaft 


» A twelve circuit assembly highly miniaturized 


narrow rings and barriers. Raised barriers ar 

power circuits, and rings are V-grooved to 

generation. The three different ring diameter 
torque to an extremely low level 


+ Encapsulated cross-section of a miniature thirt 


assembly (illustrated as item 13 
struction features 


ustrating 


+ A two element fiat slip ring assembly having tar 


coin gold rings with excellent ntact characteris 
wear resistance 


- A two segment switching commutator using platinum-silver 


alloy rings and arc-resistant epoxy resin 


- A typical drum type commutator with very accurate segments 


precisely located to accomplish a critical impuising function 


A typical multi-element cast Brush assembly with a strip 
brush for an end contact on mating slip ring assembly. Brush 
loading is preset to close tolerances 


- A real achievement in miniaturization. fifteen rings with 


raised barriers insulating circuits to 1500 volts. Ring @ 
ameter is 0.120 inch and front shaft length 0 

A two ring assembly for shaft mounting. Rings are coin gold 
with ideal hardness of 140-145 BGrinel! for maximum wear 
resistance 


- A miniaturized switching assembly with a .180° diameter 


ring having a precise 180° live segment 


+ An outstanding assembly having thirty-two rings in less than 


one inch of length, produced with a very accurate stainiess 
steel mounting flange and tefion insulated color coded leads 


+ A larger type of brush assembly with noble alloy brushes 


weided to teflon insulated color coded leads 


. A four element “ruggedized” slip ring assembly illustrating 


the versatility of our casting process. The wide ring is com 
silver alloy and the three signal circuit rings are coin gold 


+ Another highly miniaturized slip ring assembly, with a center 


contact on the end. Nine circuits are Built iato the 060 


frontshaft diameter 
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. Specialists in the industrial timing field 
and producers of over 20 million clocks & timers . . . extends 
engineering assistance, cooperates extensively with design Typical 
engineers in custom-developing and adapting diverse types of electric Applications 
and mechanical timing devices to meet specialized needs. of 


TYPICAL PRODUCTS DEVELOPED BY THE (eaeeuuls 


RENOWNED TIMING LABORATORIES OF LUX 


~ PARKING METERS 


WASHERS & 
DRYERS 


BATTERY 
CHARGERS 


MILK COOLERS 
COFFEE MAKERS 
DISH WASHERS 
GAS RANGES 
SUN LAMPS 


ROTISSERIE 
TIMERS FOR ELECTRIC COOKERS 


DRYERS ELECTRIC 





FULLY AUTOMATIC 
RANGE TIMER CONTROLS 





HEATERS 


RECORDING 
INSTRUMENTS 


AIR 
CONDITIONERS 


REFRIGERATION 
SYSTEMS 


ELECTRIC RANGES 
CLOTHES DRYERS 


RECORDER CLOCK MINUTE MINDERS 


THE LUX CLOCK MANUFACTURING CO., Inc. 


99 Johnson Street 
WATERBURY 20, CONNECTICUT 
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sulated 
wire on hig 
point molded 
bobbin. 


THE Oiecndable ANSWER TO 


YOUR SOLENOID PROBLEMS 


@ COMPACTLY DESIGNED—for powerful performance. 


@ SHOCK-MOUNTED—Reduces self-destruction—greatest cause of sole- 
noid failure. 


@ HIGH MOISTURE RESISTANCE—Thoroughly impregnated with insulat- 
ing baking varnish. 


@ ALTERNATING CURRENT TYPES—Welded base construction for hori- 
zontal mounting. Welded or shock-mounted base for vertical mounting. 
Available in standard voltages, push or pull types, J. 1. C. specifications. 


@ DECCO D.C. SOLENOIDS—are NOT MODIFIED AC SOLENOIDS. 
They deliver a tremendous force in a small space—ideal for mobile 
equipment. 


@ WAFER-TYPE SOLENOIDS—Dependable, small, short stroke, low 
amperage, push or pull solenoids for small mechanisms and light 
valving. 


@ SPECIAL SOLENOIDS ENGINEERED TO YOUR PROBLEMS. 
FOR COMPLETE INFORMATION 


ON ALL DECCO INDUSTRIAL 
SOLENOIDS »¢ WRITE: 





HORIZONTAL 
PUSH-TYPE— 
WELDED BASE 


| VERTICAL 
PULL TYPE— 
SHOCK- 
MOUNTED 


VERTICAL 
PUSH TYPE— 
WELDED BASE 


A C WAFER 
SOLENOID 


| 


DC 
INDUSTRIAL 
SOLENOID 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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International Rectifiers 


For all DC needs from microwatts to megawatts! 


SELENIUM GERMANIUM SILICON 


GERMANIUM DIODES 


gad 


Developed for use in limited space at ambi- This series of general purpose, high quality 
point contact diodes provide excellent 
rectification efficiency for very high fre- 
quency applications. Special “RED DOT” 
series available for ambient temperatures 
from —55° C to +100° C. Bulletin SR-140 


Hundreds of types in three basic styles, for 
operating temperatures from —55°C to 
+150°C, Up to 800ma DC output current 
per junction over a voltage range of 50 to 
1,000 PIV. Hermetically sealed. For com- 
plete information on all types. Bulletin SR-A. 


ent temperatures ranging from —50°C to 
+100°¢ Encapsulated to resist adverse 
environmental conditions Output voltages 
from 20 to 160 volts; output currents of 100 
microamperes to 11 MA, Bulletin $0-18 


HIGH VOLTAGE CARTRIDGE RECTIFIERS A RECTIFIER STACKS 


zned for bong life and reliability in Half- 
Wave, Voltage Doubler, Bridge, Center-Tap 
Circuits, and 3-Phase Circuit Types. Phenolic 
Cartridge and Hermetically Sealed types 


ely low reverse leakage values make 
ies ideal for magnetic amplifier 
applications. These units utilize 10 amp 
junctions— 26 to 66 AC input volts rms— 
are available in a wide range of circuit types 
and DC current ratings. Bulletin $R-148 


The answer to tough miniaturization 
problems! Ratings for high temperature 
applications: from 1000 volts PIV at 100ma 
half-wave DC output to 16,000 volts PIV 
at 45ma. Hermetically sealed, metallized 
ceramic housing. Request Svlletin $8-1398 


available. Operating temperature range 
~—65°C to +100°C, Specify Bulletin H-2 


TV AND RADIO RECTIFIERS COOLED GERMANIUM 


The widest range in the industry! Designed 


Engineered for heavy power applications, 
for Radio, Television, TV booster, UHF con- 


Specifically engineered for industrial appli- 


verter and experimental applications. Input 
ratings from 25 to 156 volts AC and up. DC 
output current 50 to 1,200 MA. Write for 


application information, Bulletin ER-178-A 


INDUSTRIAL POWER RECTIFIERS 


For all DC power needs from microwatts 


these highly efficient forced air cooled units 
feature moisture and corrosion resistant 
housings. A complete series in each of 3 
current ratings: 150, 330 and 500 Amperes 
@ 26 to 66 volts rms. Request Bulletin GPR-2 


GERMANIUM JUNCTIC 


be 


Liquid cooled for maximum power in mini- 


cations—the most conservatively rated sili- 
con rectifiers in the industry! Rugged all- 
welded construction and hermetic sealing 
mean greater reliability —longer life. Types 
available in 3 series. Request Bulletin $R-1438. 


These units consist of hermetically sealed 
junction diodes mounted on copper cooling 
26 to 66 volts rms. Housed in high-conduc- fins, stacked to include the interconnections 
tivity copper cast around special steel coils. required for specific circuits. Junction 
Water, oil or other accepted coolants may ratings: 1.25 amps. DC output; 70 to 350 
be used. For complete data. Bulletin GPR-2 AC input volts rms. Request Bulletin $8-137A. 


to kilowatts. Features: long life; compact, 
light weight and low initial cost. Ratings 
to 250 KW, 50 ma to 2,300 amperes and 
up. 6 volts to 30,000 volts and up. Efficiency 
to 87%. Power factor to 95%. Bulletin C-349 


mum space. Junction rating: 670 amps at 


oF Cin, 
¢ 


*@* International Rectifier 


° S @ S& FP 2 B.A FT SG Oo N 
2 
* Ps EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA +« PHONE OREGON 8-628! 
ve, nee” NEW YORK: 132 E. 70TH ST., TRAFALGAR 9-333¢ HICAGO: 205 W. WACKER OR 


FRANKLIN 2.3888 
CAMBRIDGE 


MASS., 17 DUNSTE T. UNIVERSITY 4-6520 - IN CANADA: ATLAS RADIC RP. LT 50 WING 


LD AVE. W., TORONTO, ONTARIO, RU 1-6174 


THE WORLD’S LARGEST SUPPLIER OF INDUSTRIAL METALLIGF, 
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oO -RING 


Alvuminvre 


An Engineer "Doodled' 
and Solved an 
Explosive Problem with 


FUSITE TERMINALS 


The problem was literally explosive. It was a pump and motor 


to operate safely submerged in gasoline. The electrical 
connections had to be made through a vapor-proof seal. 


Two simple and inexpensive Fusite glass-to-metal 
terminals did the job like this ‘“‘doodle’’ shows. 





CASTUNG 
PRESS FT 

















FUSITE 


GLASS-TO-METAL 
TERMINAL 


Overload Protector 
Mermetitally Sealed with FUSITE 


oo ~\ 


JER MINAL 


+ 
wd 


7 


ENCLOSED PAP Ada 
MbTIR AEA 
bwoer CASoLtinE 











This can’t be called a “‘typical”’ Fusite 
case history. In our long list of success- 
ful new applications, we have helped 
engineer, there are none we could call 
“typical’’. 


So just keep Fusite Terminals in your 


Write 


me FUSITE 
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“noodle” the next time you “‘doodle”’ 
and pass your problems on to us. 


We make hundreds of stock terminals 
of both multiple bead and solid glass 
types. We’re prepared to design and 
make special terminals to your needs. 


CORPORATION 
6026 FERNVIEW AVE., CINCINNATI 13, OHIO 





Need a little 


NEED IT HOT? 











HOTWATT 


Precision Heating timum 


Supply 


neit 
SITY 


STANDARD HOTWATT 


Cartridge Heate 


operate 


nickel alloy leads swaged to rigid external 
et y sh ai 
Straight or right angle leads 
esistant units complete range 
Jia. x 1” length 


SPECIAL HOTWATT 


Heating Cartridges in special shapes with sheat 
gnated available with po 
watts Spe termin 


cification 


LOW-COST HOTWATT 


ceram body units are also 


design and 


avaiiabdie, t 
sper ificat ons; sizes aS sma aS 
1 arrangements and terminals to meet 


5 


SPEEDY DELIVERY 
HOTWATT'S vers 
handle 


on request 


HOTWATT, INC. 
ELECTRIC HEATING 
SPECIALISTS 


Gould St., Danvers, Mass 


(U-2) 
| Parts—¢ 


| (U-3) Electronic 





Catalogs 


and 
Bulletins 





To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(U-1) 


sheets (2) 


Data 
Con 


Pushbutton Switches 
124, 125. 1 p 
information on 


each 
alternate action 


Micro Switch, 


tains 


and “typewriter” units 


reeport, ill 


Breadboard 
Contains dia 


Electromechanical 
atalog, 24 pp 
com 


grams and data on grid plates, 


ponent hangars, 
dial 
ball 
and magnetic clutches 


Newport Beach, Calif 


couplings, shafting, 


limit stops, assemblies, gears and 


differentials, and disc integrators 


Bulletin, 8 


hermetically 


Relays 
pp. Describes open and 


sealed units. Essex Wire Corp., Lo 


gansport, Ind 
(U-4) Magnetic Relays 
pp. Contains data on 


Brochure, 8 
ac-de units for 
applications requiring additional coil 
relay contact 


Wire 


power and increased 


actuating force. Essex Corp.., 


Logansport, Ind 
(U-129) Heating Units—( 
PP, describes 


straight 


- 
atalog, 20 


electrical strip, ring, 


rod, finned, immersion, urn- 
Tuttle & Kift, 


Ave., Chicago 


type heating devices 
Inc., 1823 N. Monitor 


39, Ill 


(U-6) 


cusses relation of silicon 


Dis 
and its prop 
Aries 
New 


Silicon Booklet, 20 pp 


industry 
E. 42 St., 


erties to electronics 
Laboratories, Inc., 41 


York 17, N. Y 


(U-7) Palstic Laminate For Printed 
Circuits—Booklet B-6577, Dis- 
cusses what printed circuits are, their 
and 
West- 
Box 


8 pp. 


advantages, and the construction 
properties of plastic laminate 
inghouse Electric Corp., P. O 


2099, Pittsburgh 30, Pa 


Helipot Corp.. | 


A LIGHT-BEAM 
= 








L 
RUGGED 


COMPACT 


sensitive 


Wil) t 
ak 
25 G's) 


Here is a new series of light-beam galvan- 
ometers that were developed to withstand 
the extremely severe conditions of shock and 
vibration encountered in field servicing and 


testing of jet aircraft. 


Throug 
great compactness 1S 


ing sensitivity to the highest degree 


h unique folding of the light beam, 
achieved while retain- 
equal 


, 
t of laboratory instruments 


feature 
readily 
They are 


Howell Galvanometers 
readability. They are 
laptable to existing instruments. 
competitively priced 
Re istances 20 


Short period; high 


llent 


100, 


Spee d re sponse 


500 and 1000 ohms. 
Seale d 


construction 


For full infe 


write 


»rmation 
or wire 


please 


HOWELL INSTRUMENT Company 


3101 Trinity St: « Fort Worth 7 Texas 


SALES-ENGINEERING OFFICES 
VALLEY STREAM, L.1., N.Y.: 108 So. Franklin « LO 1-9220 
DAYTON, OHIO: 209 Commercial Bidg. + Michigan 4563 
COMPTON, CALIFORNIA: 105 N. Bradfield St. + NE 6-8970 
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* PRESSURIZATION 

Eastern pressurization units 

P for airborne electronic 

« AIRCRAFT PUMPS , equipment are available in 
Precision-built to rigid government ’ ; ' many capacities to handle 
specifications, a broad selection among . . 7% a broad range of require- 
astern pumps offers flexibility to ' ments. Units consist of an 

your choice. Modifications can be air pump and motor assem- 
made, or custom-made units designed bly, pressure switch, check 
to suit your project. Trim in size, light ' valve, tank valve, and term- 
in . Eastern Aircraft Pumps ; inal connectors. They meet 


ive reliable long-term service. government specifications 
° and can be modified to your 


needs. 


* COOLING UNITS 

Hold temperatures to safe operat- 
ing limits in liquid cooled elec- 
tronic tubes or similiar devices 
By virtue of long experience and 
using standard component parts, 
Eastern can suit your specific needs 
at a minimum cost for equipment 


* REFRIGERATION-TYPE 
Enable specified components to be 
held to fairly constant tempera- 
tures by use of various types of 
refrigeration units. Because of the 
variation in methods possible, 
Eastern units fill every require- 
ment where the use of a refrigera- 
tion cycle is called for 














% SPECIAL UNITS 


Eastern’s continual research and development program 
keeps pace with the growing aviation industry. As new 
problems occur with progress in aircraft development, 
Eastern units are constantly developed to fill their func- 
tion as planes fly higher, or faster, or with greater load 
pov sia _oteteey INDUSTRIES, INC. 
Eastern welcomes the chance to help engineers “take . Z 100 conn 
out the bugs” with equipment that cools, pressurizes, ' oe | 
or pumps. From the extensive line of existing units, et etl 
new adaptations, or custom-made designs, Eastern is 
ready to meet every challenge for equipment that 
handles your needs the best today . . . better tomorrow. Write for Aviation Products Catalog, Bulletin 330. 
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Want quick, correct solutions to your heating problems? 


i 


Call the Chromalox man for th ANSWERS 


No matter what heating problem you have, there’s a 
Chromalox electric heating unit of the type and size 
you need. 

Your Chromalox Representative—the man with the 
answers to your heating problems, routine or unusual— 
has over 15,000 standard types, sizes and ratings to 
choose from and many of these are stocked in quantity 
for imiumediate use. Moreover, Chromalox has the 
design and manufacturing facilities to build promptly 
special elements to fit your special requirements, plus 
a complete range of controls and accessories. For 
instance ... 

@ Strip heaters in lengths up to 96 inches, in wattages 
up to 1500 with temperatures up to 1200°F, as well 
as new heater bands designed specifically for injec- 
tion and extrusion barrels. 

Chromalox Electric Tubular Heaters engineered and 

built to suit your design. No quick compromise with 

an adapted element, but a custom-designed com- 
ponent with the exact characteristics necessary to 


@ Specify Chromalox Electric Cartridge Heaters, and 
you get more dependable spot heat with close 
thermal control. Exclusive design gives positive 
lead wire protection against flexing, abrasion, mois- 
ture. Also available in new extra-high-temperature 
models with Inconel® sheath to provide maximum 
heat concentration. 

New Microfin® units for space heaters and process 
air in ovens and ducts provide safe, fast heating, 
and are workable into limitless configurations to 
provide maximum wattage in a given space. 
Packaged elements for Far-infrared, immersion, and 
circulation heating. 

Lightweight, flexible Pre-Fab woven elements— 
silicone-molded or laminated—for confined spaces, 
and areas requiring small amounts of heat. 

For an on-the-spot heating analysis at no obligation, 

just call your Chromalox Direct Factory Representa- 

tive. A call to your “‘man with the answers’”’ (see listing 
on opposite page) will put Chromalox Service to work 


give years of top performance to your product. for you at once. 


CHROMALOX® Electric Heat 
Edwin L. Wiegand Company 


CHurchill 2-6400 


c-2038 


7895 Thomas Boulevard, Pittsburgh 8, Pennsyivania + 
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Call Chromalox 


for the man with the 
ELECTRICAL ANSWERS 
to your heating problems 


ATLANTA 8, GA. 
Applebee-Church, Inc. 
1389 Peachtree St., N.E; 
TRinity 5-7244 
BALA-CYNWYD, PA. 

J. V. Calhoun Co 

349 Montgomery Ave 
MOhawk 4-6113 
BALTIMORE 18, MD. 
Pau! V. Renoff Co 

333 E. 25th St 

HOpkins 7-3280 
BLOOMFIELD, W. J. 

R. L Faber & Associates, Inc 
1246 Broad Street 
EDison 8-6900 
BOSTON 11, MASS. 
Leo C. Pelkus and Co., 
683 Atlantic Ave 
Liberty 2-1941 
BUFFALO 2, WN. Y. 
Niagara Electric Sales Co. 
505 Delaware Avenue 
SUmmer 4000 
CHARLOTTE 2, N. C. 
Ranson, Wallace & Co. 
116% East Fourth St 
EDison 4-4244 

FRanklin 5-1044 
CHATTANOOGA 1, TENN. 
H. R. Miles and Assowates 
P. O. Box 172 

Phone 5-3862 

CHICAGO 6, ILL. 

Fred |. Tourtelot Co 

407 S. Dearborn Street 
HArrison 7-5507 
CINCINNATI &, OHIO 
The Smysor Company 
1046 Delta Avenue 
TRinity 1-0605 
CLEARWATER, FLA. 

J. J. Galieher 

617 Cleveland Street 

P.O. Box 1376 

Phone 3-7706 
CLEVELAND 13, OHIO 
Anderson-Bolds, Inc 

2012 W. 25th Street 
PRospect 1-7112 
DALLAS 26, TEXAS 

L. R. Ward Company 
3009-11 Canton Street 
Riverside 1-6279 
DAVENPORT, IOWA 
Voico Company 

215 Kah! Bidg 

Phone: 3-2144 

DENVER 2, COLO. 

E. & M. Equipment Co. 
2415 15th Street 
Glendale 5-3651 

GEnesee 3-0821 

DES MOINES 14, iOW~a 
Midwest Equip. Co. of lowa 
842 Fifth Avenue 

CHerry 3-1203 

DETROIT 38, MICH. 
Carman Adams, Inc 
15760 James Couzens Hwy 
UNiversity 3-9100 


Inc 


HOUSTON 3, TEXAS 
L. R. Ward Company 
3605 Polk Avenue 
CApito! 5-0356 
INDIANAPOLIS 4, IND. 
Couchman-Conant, Inc. 
627-631 Architects & 
Builders Bidg 
MElrose 5-5313 
KANSAS CITY 6, MO. 
Fraser D. Moore Co, 
106 E. 14th Street 
Victor 2-3306 
LOS ANGELES 16, CALIF. 
Montgomery Brothers 
1053 South Olive Street 
Richmond 7-9401 
MIDDLETOWN, CONN. 
Dittman and Greer, inc. 
33 Pleasant Street 
Diamond 6-9606 
MILWAUKEE 3, wis. 
Gordon Hatch Co., Inc 
531 W. Wisconsin Avenue 
BRoadway 1-302! 
MINNEAPOLIS 4, MINN. 
Voico Company 
831 South Sixth Street 
FEderal 6-3373 
NASHVILLE 4, TENN. 
H. R. Miles and Associates 
2500 Franklin Road 
CYpress 2-7016 
NEW YORK CITY, WN. Y. 
See “Bloomfield, N. J.” 
WOrth 4-2990 
OMAHA 2, NEB. 
Midwest Equipment Co. 
of Omaha 
1614 Izard Street 
ATiantic 7600 
PHILADELPHIA, PA. 
See “Bala-Cynwyd, Pa.” 
GReenwood 3-4477 
PITTSBURGH 6, PA. 
Woessner-McKnight Co 
1310 eee Bidg 
1115S hland Avenue 
EMerson 1-2900 
PORTLAND 8, ORE. 
ee Brothers 
1632 N.W. Johnson Street 
CApito!l 3-4197 
RICHMOND 26, VA. 
(Branch, Charlotte) 
Phone 88-8758 
ROCHESTER 4, WN. Y. 
Niagara Electric Sales Co 
133 Clinton Avenue, South 
HAmilton 6-2070 
ST. LOUIS 1, MO 
C. B. Fall Company 
317 North 11th Street 
CHestnut 1-2433 


= FRANCISCO 3, CALIF. 


1 sew Brothers 
1122 Howard Street 
UNderhill 1-3527 
SEATTLE 4, WASH. 
Montgomery Brothers 
911 Western Avenue 
SEneca 3270 
SYRACUSE 6, WN. Y. 

R. P Smith Co., Inc 
2507 James Street 
HOward 3-2748 
WICHITA 2, KANS. 
Fraser D. Moore Co 
Room 211 Derby Building 
352 N. Broadway 
AMherst 2-5647 
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Wire Trade Name 
Directory——Booklet, 16 pp. This di- 
rectory, in addition to listing the vari- 
ous trade names, gives a brief general 
description of the physical, chemical 
and electrical characteristics and ap- 
plications common to the ten general 


(U-8) Magnet 


classifications of magnet wire. 
Wire Corp., Fort Wayne, Ind. 


Essex | 


(U-9) Fine Resistance Wire—Bulletin | 


157, 12 pp. Gives data on the elec- 
trical and physical properties of re- 
sistance alloys in diameters as small 
as 0.00045 in., with of 
3951 ohms per ft at Driver- 
Harris Co., Harrison, 


resistance 
68 F. 
N. J 


(U-10) Realys—Catalog, 14- pp. Con- 
tains data on electronic flashers, 
delay relays, sequence timers, 
under voltage and frequency 
sensors and voltage regulators. Elec- 
tronic Specialty Co., 5121 San 
Fernando Road, Los 39, 
Calif. 


time 
over 
and 


Angeles 


(U-11) Oiltight Pushbuttons—Catalog 
5606A, 31 pp. Contains data on push- 
buttons rated to 550 a-c-d-c selector 
switches, pilot lights and accessories 
Schematic wiring diagrams for the 
various types of switches are included 
Furnas Electric Co., 1050 W. McKee 
St., Batavia, Ill. 


(U-12) Control Transformer—Bro- 
chure, 4 pp. Describes normal re- 
actance-type unit for applications 
from 115 to 575v. Hindle Trans- 
former Co. Inc., Woods Church Road, 
Flemington, N. J. 


(U-13) Miniature Potentiometers — 
Booklet, 36 pp. Contains diagrams, 
charts and data on precision units 
Circuit Instruments Inc., 2801 Anvil 
St. N., P. O. Box 1438, St. Peters- 
burg, Fla. 


| (U-14) Permanent Magnets, Ther- 
| mistors, Varistors — Booklet DMPM- 
56-2, 12 pp. Discusses use of mag- 
nets in miniaturization, characteristics 
and properties of magnets, applica- 
tion of thermistors and varistors to 
product design. General Electric Co., 
Detroit 32, Mich. 


(U-15) Thermistors—Catalog, 10 pp. 
| Gives specifications and characteris- 
tics of wafter, rod and bead units. 
Culton Industries, Inc., 212 Durham 
Ave., Metuchen, N. J. 
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TIMERS, electronic 


provide split-second timing 
with no-filament tube 
. - 


Compact electronic timers use Type 
5823 cold-cathode tube, providing long 
tube-life with instant timing, no warm- 
up needed; immediate recycling—no re- 
charging time for condenser required. 
Ideal for Short intervals—0.08 to 24 


| seconds. 


Easy time adjustments 

tervals can be 

dial. 

Six-time ranges 

full-scale range 

or 24 seconds. 

Eight-ampere contacts. 

Small size—3%7 ~« 4%” x 2 
The new Model 

is fully enclosed; 

easy servicing. 


Synchronous Contactors 


¥ Positive, pre 

cise coordination 

of electrical cir 

cuits with me 

chanical systems 

Rotating 

shaft act 

distributor - type 

switches open 

’ and close electric 

circuits to ‘control punch presses, ma- 

chine tools, and com puters; provides 

protection of looms, punch and die tools 
Single- and double-circuit models avail 
able. Descriptive bulletin on request. 


RELAY, electronic 


Operated by 
high-speed, = 
low-energy 
impulses. 


Type CK Elec- 
tronic Relay picks 
up impulses too 
small to operate a 
mechanical relay 
directly and holds - 
circuit closed long enough 
mechanical equipment to be 
Fast response—relay operates on 
tact of less than 0.5 millisecond. 
High sensitivity—above response speed 
even thru contact resistance as high as 
500,000 ohms. 
Adjustable actuating time 
ates in 10 milliseconds 
and stays “on” for time adjustable be 
tween 0.25 and 1.5 seconds. 
Long life—Cold-cathode tube 
only when pulse is received. 
Easy maintenance—Enclosed 
relay. 
Small size—3%” « 4% 


FARMER Ta 


small time in- 
spread over 320-degree 


can be furni shed wit h 
of 0.2, 0.5, 1.5. . 


3 Repeat-cycle Timer 
has plug-in relays for 


cam 
uates 


to 


for heavy 
actuated 
con 


relay oper- 


after impulse 


energized 


plug in 








Librascope 


DIGITAL CONVERTERS 


Most versatile line of shaft 
position to digital converters 
models for Gray, Binary, and 
Binary Coded Decimal Sys- 
tems. Special models for sine- 
cosine read-out. Used in 
digital airborne controls, 
machine tool controls, or 
wherever position data must 
be translated into digital form. 


Ask for Catalog No. E10-1 


CORD HEA Dos 


A complete line of Read-Rec- 
ord Heads for all types of 
magnetic drum memory Sys- 
tems. Simplicity of design 

flexibility of Operation, high 
reading signal and low cur- 
rent are basic characteristics 
of these read-record heads 
which are used where reli. 
able Performance is essential 


INE MECHANISM 


Provides for instantaneous 
solution of problems involv- 
ing the sine or cosine of an 
angular variable. Angular 
rotation is converted into a 
displacement proportional to 
sine or cosine of the input. 
Compact, simple, self-con- 


tained design. 
Ask for Catalog Nu. 304062 


INTEGRATOR 


A Precision integrating mech- 
anism for totalizing, rate 
‘etermination, and differen- 
tial analyzing. Can also be 
used as a closed loop servo. 
element for accurate variable 
speed drive. Small in size 
rugged Construction for long 
life; extreme Precision, 


Ask for latest Catalog Ask for Catalog No. 304061 


SHAFT DIFFERENTIAL 


Four models of precision dif- 
ferentials for application to So ame one hes 
problems of eater sums, FOR MORE THAN 20 YEARS, Librascope ha 
angular velocity sums or 
sequence operations. May be 
installed or removed without Librascope products are designed for reliability 
di bly of unit or diff sek 
re be unit aes long-life, trouble-free performance 
ential. High accuracy; = 
ited displacement; small 
radial clearance. A time- 
tested design. 


Ask for latest information 


m anufac tured mec hanic al and electric al computers 


: al IuTrposes 
and components for military and commercial pur] 


If you have a problem concerning complete 
computer/control systems, contact Librascope 


entative nN principal cities 


LIBRASCOPE INC..808 WESTERN AVE GLENDALE CALIFORNIA 
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TYPE $ Adjustable Positive-acting, 

with electrically independent bimetal 
Adjusting stem and terminals to customer 
specification. See Bulletin F-2006 


2 TYPE $ Non-Adjustable, Electrically 


ook to Stemco Thermostats first “23 =3Sh.. 


10 amps oat 230 volts AC 
See Bulletin F-2006 


for precise, sensitive temperature CONLTOL —— srvve sa ssjwsodie. snop-ccing wit 


electrically independent bimetal 
Also single-pole, double-throw 
Adjusting stem and terminals to customer 
rder. See Bulletin |-6397-A 
lf your product requires precise, sensitive temperature control 
TYPE SA Non-Adjustable. Is electrically 
identical to adjustable Type SA 


if it's scheduled for volume production —look to Stemco thermostats first 


Since Stevens produces the broadest range of bimetal thermostats ho ers yr ad rating 15 omps 
a ¥ ts < 


in the industry, chances are you can use a standard production-line See Bulletin L-6397-A 


t 230 volts AC 


unit to satisfy all your special requirements exactly. This saves design, TYPE SM Munvol Reset. Mechanically and 
development and tooling expense... cuts down on lead time Hectrically some as adjustable ond non 


adjustable Type SA except for manual 


gives you a better, proven thermostat at lower cost — sooner reset feature. See Bulletin 1-6397-A 





5 TYPE W Adjustable (shown. or 
non-adjusteble types. Snap action 
prevents arcing. Operation to 350°F 
Rated at 12 amps of 115 volts AC, 8 amps 
ot 230 volts AC. See Bulletin 1-6395 


7 TYPE A Semi-Enclosed. Insulated 
electrically independent bimetal disc 
gives fast response ond quick 
snap-action control. Operation from -40 
to 400°F. Various mountings and 
terminals. See Bulletin 1-9070 


8 TYPE A Hermetically Sealed 
Electrically identical to semi 
enclosed Type A. Rated at 8 omps 
t 115 volts AC, 4 omps at 
230 voits AC, ond 4 amps at 
28 volts DC For applionce 

electronic, opporotus 


spplicotions See Bulletin |-9070 


JI TYPE C Semi-Enciosed. Small 
ositive-octing. Electrically 
dependent bimetoal strip for 
peration from -75° to 300°F 
Terminals and mountings to 

ustomer specifications 


See Bulletin .-6934 


TYPE C Hermetically Sealed. Electrically 
to semi-enciosed Type C 
but sealed in crystal can. Also supplied 


jentica 


as double thermostat ‘alarm’ type 
Rated ot approximately 3 amps 
depending on application 

See Bulletin 1.6934 


TYPE R. Sealed, non-odjustable (showr 
r adjustable styles. Positive acting 
for operation to 650°F. Rated at 

15 amps at 115 volts AC, 10 amps 

ot 230 volts AC. See Bulletin F-2003 


R 
TYPE MA Semi-Enclosed. Compact unit 
STE Lad ot 6) with electrically independent bimeto!l 
disc for appliance and electronic 
applications from -60° to 400°F. Virtually 
any type terminal. See Bulletin F-2009 


STEVENS manufacturing company, inc. a 


Lexington and Mansfield, Ohio TH is MOSTATS same as semi-enciosed Type M. Rating 
8 amps at 115 volts AC, 4 amps ot 
230 volts AC, 4 amps ot 28 volts DC 
See Bulletin F-2009 AA-2388 





modernize... 
miniaturize ... 
functionalize ... 


WITH 


international’s 


EASY-TO-READ 


side indicator 


PATENTS PENDING 


FEATURES YOU HAVE ALWAYS WANTED 


Panel opening only .516” x 1.605" .. . scale 1.3 
long . . . horizontal or vertical mounting singly o# 
with scales together . . . dust-tight case . . . and the 
precision D‘Arsonval movement of all international 
miniature meters. 
ENGINEERING DATA SHEETS ARE NOW READY ON 
THESE METERS: 


1” Round Meters; 144 Round and Square Meters; 
1%" VU, Db, and Illuminated Meters; Miniature Multi- 
festers, Side Indicators and Rotary Switches. 


Just ask for your FREE copies today. 


international instruments 
INCORPORATED 


© P.O. Box 2954, New Haven 15, Conn, 


CABLE “INTERINST” 


shielded 
ventilation... 


MIDGET LOUVERS 


All-aluminum Midget Louvers 
provide ventilation for electronic 
equipment cabinets. 

Louvers in air ports of transmitter 
sets prevent radiation interference on 
adjacent TV sets. 

Easy installation in either wood or 
metal cabinets, simply drill hole and fit. 
Louvers are screened to keep out insects. 

Sizes — 1” to 6” 
Proportionate weights per dozen 
2 oz. to 16 oz. 

Write for complete data 


MIDGET LOUVER CO. 


6 WALL ST. NORWALK, CONN. 


continued 


(U-16) Nickel-Cadmium Storage Bat- 

teries—Bulletin 501, 8 pp. Contains 

data on operation with curves of dis- 
| charge and charge characteristics for 
| electronic, aircraft and communica- 
| tions equipment. Nickel Cadmium 
| Battery Corp., 66 Pleasant St., East- 
| hampton, Mass. 


| Catalogs and Bulletins 
| 
| 


(U-17) Transformers—Catalog 571, 
48 pp. Contains data and graphs on 
transformers (audio, power, pulse), 
filters and discriminators, toroids, 
magnetic amplifiers and _ ultrasonic 
components. Freed Transformer Co., 
Inc., 1752 Weirfield St., Brooklyn 27, 
2 


(U-18) Electrical Insulation—Bro- 
chure, 4 pp. Contains charts and data 
on formed and fiber channel wedges. 
Spaulding Fibre Co., Inc., 310 
Wheeler St., Tonawanda, N. Y. 


(U-19) Copper-clad Laminate—Bro- 
chure 755, 4 pp. Describes laminate 
developed for printed circuits used in 
radio and television industries. For- 
mica Corp., 4411 Spring Grove Ave., 
Cincinnati 32, Ohio. 


(U-20) Delays—Catalog R-11, 11 pp 
Contains data and diagrams on relays, 
switches, and specialized controls. 
Ohmite Mfg. Co., 3627 Howard St., 
Skokie, Ill. 


(U-21) Electronic Data—Handbook, 
69 pp. Contains formulas and data. 
Included formulas for current 
analysis, transmission line calculation, 
determination of vacuum tube char- 
acteristics, resonance and meter cal- 
culations. Allied Radio Corp., 100 N 
Western Ave. Chicago 80, IIl. 


are 


(U-22) Rack and Panel Connectors— 
Catalog R2, 12 pp. Contains diagrams 
and data on keyed panel shells, mini- 
ature, circular and printed circuit 
units. American Phenolic Corp., 1830 
S. 54 Ave., Chicago 50, Ill. 


(U-23) Potentiometers Technical 
paper 762, 10 pp. Discusses environ- 
mental effects on precision potentiom- 
erets. Helipot Corp., Newport Beach, 
Calif. 


(U-24) Electrical Connectors—Book- 
let, 12 pp. Contains information on 
push-pull and push-lock units. Joy 
Mfg. Co., 1201 Macklind Ave., St. 
Louis 10, Mo. 
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Wilbur B 






ALLOYS 
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-FOR EVERY TYPE OF 






Be Driver 


Procinion 


TOPHET A® (80 Nickel 20 Chromium) 


Non-magnetic, — tensile strength, tempera- 
ture coefficient of resistance approximately 85 
PPM, used for resistors and potentiometers, 
high temperature applications. 650 ohms/CMF. 


TOPHET C® (60 Nickel 
Balance Iron) 

Faintly magnetic, rr tensile strength, tem- 
perature coefficient of resistance approximately 
130 PPM, used for power resistors, high tem- 
perature applications. 675 ohms/CMF. 


EVANOHM® (75 Nickel 20 Chromium 
2.5 Aluminum 2.5 Copper) 

Non-magnetic, highest tensile strength, tem- 
perature coefficient of resistance 20 PPM maxi- 
mum, used for precision resistors and potentio- 
meters below 200°C. The origina! 800 ohm alloy. 


15 Chromium 


Filament 


TENSITE, SYLVALOY, COBANIC, and 
MODIFIED HILO 


For ay heated cathodes; alloyS have @o 
cellent emissive and physica! properties. 


MANGRID® (Grade D Nickel) 


Most widely used lateral grid wire, also sUppiied 
silver plated. 


PERMAGRID (Permanickel) 


For use in higher temperature applicafions than 
regular Mangrid, higher physica! properties and 
hot strength. 


PERMOCARB and MAGNOCARB 


(Precarbonized grid wire) 
Operates cooler because of black body effect, 


in addition to the alldys listed, the Wilbur B. 
Driver Company maintains complete melting, 
hot rolling and cold working equipment for the 
production of custom alloys for specialized 
requirements. 





Grid Wire 








Custom and Special Purpose Alloys 


Wilbur B. Driver Co. 
Newark 4, New Jersey 

Sales Offices in Chicago*, Boston, Cleveland’, Toronto, 

Philadelphia*, Louisville*, Minneapolis, Los Angeles* 


IN CANADA: CANADIAN WILBUR B. DRIVER CO., LTD., 85 KING STREET, TORONTO | 





AND 





APPLICATION 







BALCO® (70 Nickel 30 Iron) 


An alloy with a high temperature coefficient of 
electrical resistance 4500 PPM (20° to 100°C.) 
120 ohms/CMF. 


CUPRON® (Copper Nickel) 


A non-magnetic alloy with a low temperature co- 

efficient of electrical resistance. Recommended 

oa instruments and radio resistors. 294 ohms 
MF 


RODAR® (Nickel Cobalt tron) 


An alloy for sealing to hard glass for electronic 
and hermetic sealing applications 


NILSTAIN® (Stainless Steel — 300 Series) 


Popular types of stainiess steel in wire, ribbon 
or strip. 





Alloys 


CATHODE ALLOYS 


For indirectly heated cathodes. HIGH NICKEL 
ALLOYS, custom vacuum or air melted for 
ective, passive and norma! emissivity 


eliminates spray coating, more evenly coated, 
replaces Moly in certain applications 


CARBONIZED NICKEL Radiocarb, 
Policarb,® Duocarb® 


ideal for anode plate use, gives long die life, 
excellent thermal emission (biack body) free 
from hydrocarbon and sulphur. 


CUPROCHROME (1 Chrome 99 Copper) 


Extensively used for grid side rod, high con- 
ductivity with relatively high strength 


insulations Available — Enamel, formvar, 
liquid nylon, cotton, silk, nylon and fibre glass 
coverings. 


May we discuss your specific applications? 
Please write or call — 





*Warehouse 










































Alnico Permanent Magnets 


Work Forever—No Matter 
What Your Application! 


Made in all sizes and shapes—Cast 
or Sintered—Shell Molded Castings 


In such diverse products as toy trains and hear 
ing aids to jet aircraft and radar equipment 
Alnico Permanent Magnets operate forever 
No power source is required; once magnetized, 
the field is permanently retained. The General 
Magnetic Alnico V costs nothing to operate 
contains no moving parts to break down 


When you order your permanent magnets from 
General Magnetic you also get: (1) outstanding 
performance, (2) the latest in materials and 
process development, (3) uniform quality 
exactly filling your needs, (4) the assistance 
of top-flight engineers 


Because General Magnetic is a prime producer 
of the alloy, you get exacting quality control 
Whatever your application, we will produce 
according to your drawings and specifications 
or custom-build to fit your needs! If you have 
a new application, you'll find our years of 
technical experience especially helpful. Next 
time you need a permanent magnet call on 
General Magnetic for engineering know-how 
and fast service 


Write today for more information or submit 
your blueprints 


General Macueric CORP. 


10017 Erwin, Detroit 34, Michigan 
7438 W. North Ave., Elwood Park Sta., Chicago, Ill. 


MANUFACTURERS OF HIGH COERCIVE 
MAGNETIC ALLOYS 
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Wires Marked! ! 


samen 


IDENTIFICATION! 





IDENTIFICATION TAGS 
OF EVERY DESCRIPTION 


for marking cables, © 
leads, and group-\ 
ing wires! 





Terminal tags are rapidly replacing obsolete string and paper 
identification methods, they mark the end of identification 
problems! Made of aluminum, steel, brass, or zinc, in a 
variety of styles and sizes, terminal tags are easy to apply, 
and are used in the manufacture of aircraft, radios, tele 
phones, motors, generators, etc. They can be stamped or 
embossed to customer specification. Some Terminal Tag styles 
are also available in various colors 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 
Dept. P.E., Newport, Ky. 
Phone CO 1-2035 











PRECISION DIALS 


_By Ackerman Engravers _ 


STOCK DIALS. In mony sizes and styles, calibrated and engraved to 
close tolerance. Stocked for your convenience 
SAVE DESIGN TIME — Send for Standard Dial Catalog. 
PROCESS ENGRAVING. Process Engraving is a Photocontact Process 
which will produce dials in short or long run production, to an accuracy 
of 2’ minutes of arc. 
SURE ACCURACY — Send for Process Engraving Folder. 
MECHANICAL ENGRAVING. Most modern engraving and machine 
shop facilities, automatic tooling for accuracy and speed, produced by oa 
skilled and experienced personnel. 
LARGE PRODUCTION FACILITIES — 
EDGELIGHTED PANELS. Diaiglo 1211 — Produced by Photocontact 
(Process Engraving) meets all requirements of MIL-P-7788 Approved by 
Bureau of Aeronautics. 
BEST FOR ILLUMINATION — Send for Dialglo 1211 Folder. 
Whaotever your Dial specification, stock or custom 
consult Ackerman Engravers. 


ACKERMAN ENGRAVERS 


458 Broadway, New York<-13, N.Y 
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STANDARD IN THE 
WORLD OF WIRE 








— ® RELIABILITY 
@ —90°C TO +250°C 
@ SUPERIOR CHEMICAL RESISTANCE 
@ EASE OF STRIPPING & SOLDERING 
@ UNLIMITED COLOR CODING 


* TEFLON® 
INSULATED HOOK-UP WIRE 
To Mil-W-16878B, Types E and EE. 
Solid Colors and Stripes. Parallel 
wrapped, Spiral wrapped and Ex- 
truded Insulation. AWG sizes 8 

thru 32. 


HIGH TEMPERATURE LEAD WIRE 
TEFLON or Silicone impregnated 
fiberglas braid over TEFLON insu- 
lated wire for Missile application 
and High Temperature Motor and 
Transformer leads. AWG sizes 6 
thru 36 


9MME/Ft “TEFLON” 
AIR DIELECTRIC COAX CABLE 
Extra-flexible JMMF/Ft Capacitance 
coox available with variety of 
ovter jackets. LOW-NOISE type 
coax also being supplied. 


SINGLE AND MULTI 

“TEFLON” CABLE 
From 1 to 50 TEFLON Insulated 
may be 
and jacketed with 
thermoplastics, or lac- 
Units and custom 


CONDUCTOR 


conductors, 
shielded, 
TEFLON, 


quered braids. 


a “TEFLON” 

COATED MAGNET WIRE 
Round Magnet Wire to Mil-W 
19583, Type ili. AWG sizes 20 
thru 44 in all coating thicknesses 


SUPER-FLEXIBLE THINWALL 
HOOK-UP WIRE 


Extra thin wall of TEFLON insulo- 
tion over super-flexible stranding 
in AWG sizes 20 thru 36 


“TEFLON” 
COAXIAL CABLE TO MIL-C-17B 
50, 75, 95, ohm miniature coaxial 
cables in compliance with MIL-C- 
178, or with variety of ovter jac- 
kets to fit specific applications 


cabled, adhesion of 


assemblies available. 


MOST GAUGE SIZES AVAILABLE 
OFF-THE-SHELF DELIVERY 





“TEFLON” AIRFRAME WIRE 
TO MIL-W-7139A 


TEFLON-Fiberglas construction for 
superior resistance to abrasion and 
short-term emergency fire condi- 
tions. AWG sizes 6 thru 22. Na- 
tural, white, colors and tracers 
available 


SHIELDED “TEFLON” 
COATED WIRE 
All TENSOLON, TEFLON insulated 
wire is available with closely 
woven, braided shield to militory 
and customer specifications 


“TEFLON” 
INSULATED RIBBON CABLE 
Up to 20 conductors, laid parallel 
in flat ribbon. Available with 
metallic or textile braids and 


variety of lacquers and impreg 
nants. AWG sizes 10 thru 36 


SURFACE TREATED 
“TEFLON” INSULATED WIRE 
To provide a surface for ready 
potting 
and printing foils 
temperature encapsulation 

sizes 10 thru 32. 


rel L 


compounds 
ideal for high- 
AWG 


FOR 


a a 


COMPLETE TECHNICAL 
INFORMATION ON ANY 
OF ABOVE ITEMS 


———— 








Vensolele INSULATED WIRE COMPANY, INC. 


198 MAIN STREET, TARRYTOWN, N. Y. 
PACIFIC DIV.: 1516 N. GARDNER ST., LOS ANGELES, CALIF. 
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PRECISION 


ENGINEERED 


Sub-Miniature 
Pilot Lights 


... facilitate the solution of 
miniaturization problems. 


No. 
-951 
101-4630 95 ! a 
re are 2 Dialco wie 
~ Bgerence in od. ee owe 
hat helps to sav -. 
eee y fraction co 


fineme 
Aid weight where ever 


0. your next miniaturization project, 
consult DIALCO for the Pilot Lights. 
You will quickly find the proper unit 
for use with either tiny Incandescent 
bulbs (T-1%); or with sub-miniature 
Neon bulbs (NE-2D). 


TWO-TERMINAL units are fully insulated. 
SINGLE-TERMINAL units are for use on 

rounded circuits. Also DIMMING or NON- 
5IMMING sub-miniatures for every 
requirement. Meet 
all applicable Mili- 
tary Specifications. 


™s 
Samples for design ~ 


purposes on request ee 
at once — no charge. 


wy 


4 


(actual size) 


} No. 134-3830-375-9 No. 101-3830-951 


DIALIGHT 


56 STEWART AVE., BROOKLYN 37, N. Y. 
Hyacinth 7-7600 


Send brochures on Sub-Min. Pilot Lights 
Brochures on other Dialco Pilot Lights 

| Name 

| Position 

| Company 

| Address 
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Catalogs and Bulletins continued 


(U-25) Resistance Measuring Bridges 
—Bulletin L-19B, 8 pp. Contains data 
on seven bridges covering d-c resist- 
ance measurements from 1 micro- 
ohm to 1 million megohms to toler- 
ances as close as -+ 0.02 Shallcross 
Mfg. Co., Collingdale, Pa. 

eB, wm pai eee 


(U-26) Plug and Receptacle—Bro- | 
chure, 2 pp. Contains data on discon- | 
nect, service and stud type terminal | 
blocks. Molex Products Co., Brook- | 


field, Ill. 


(U-27) Waterproof Solenoid Coil — 


Folder 210-3, 2 pp. Contains data on | 
| unit wound on epoxy tubing. Hays 
| Mfg. Co., W. 12 St., Erie, Pa. 


(U-28) Brushes for FHP Equipment 
—Catalog B-1700 and B-1705, 33 


pp. A separate section of this catalog | 
discusses services in aircraft at high | 


altitudes. It supplements a technical 
catalog on brushes for the equipment 
and the various brush grades avail- 


able. National Carbon Co., 30 E. | 


42nd St., New York, N. Y. 


(U-29) Pushbutton Stations—Bulletin | 


GEA-6544, 8 pp. Gives features and 


application information on standard | 
| and heavy-duty push buttons. General | 
| Electric Co., Schenectady 5, N. Y. 


(U-30) Solenoids, Coils and Electrical 


Components—Catalog, 6 pp. Con- 


tains data and diagrams. Anderson | 
| Controls, Inc., 2777 Mannheim Road, | 


Des Plaines, Ill. 


(U-31) Plug-In Counting Circuits — 


Catalog 11437, 4 pp. Contains data 
on transistorized units. Walkirt Co., | 


141 W. Hazei St., Inglewood, Calif. 


| (U-32) Switches—Brochure, 4 pp. | 
| Contains data on rotary selectors, | 
pushbuttons, toggles and door inter- | 
| locks. Micro Switch, Freeport, IIl. 


| (U-33) Control Operation Manual— 


Booklet GEA 6372, 32 pp. Describes 
manual, magnetic, and reduced-volt- 
age starters; pushbuttons; relays; limit 


switches, solenoids; pressure and vac- 


uum, float, and plugging and anti- 


| plugging switches. General Electric 
| Co., Schenectady 5, N. Y. 


| (U-34) Plugs, Jacks and Connectors 


—Brochure, 8 pp. Richards Electro- 
craft, Inc., 3739 N. Kedgie Ave., 


| Chicago 18, IIl. 
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Special and Standard 


POLLAK 
CONTROLS 


Accurate, Dependable, Long Life 


Nearly a half century of ex- 
perience in specialized design 
and production of precision 
components .. . 


RELAYS 
HIGH VOLTAGE 


COAXIAL 

COMMUNICATIONS 
COMPUTER, 
MINIATURE 


MINIATURE HERMETICALLY 
SEALED 


PULSE 
POWER 
TIME DELAY 


SOLENOIDS 

MINIATURE, AC-DC 

PLUNGERS FOR PUSH OR PULL 
300 CUSTOM TYPES FROM 
20 STANDARD PARTS 

DOUBLE ACTING 


SWITCHES 
IMPULSE 
MOMENTARY 

PUSH PULL 

ROTARY SELECTOR 
TOGGLE 


POWER CIRCUIT 





OUR ENGINEERS CAN HELP 
SOLVE YOUR PROBLEMS 
Take advantage of POLLAK en- 
gineering design service. Our 
factory-trained engineers are 
available to help you solve diffi- 
cult relay, switching and electri- 

cal control problems. 











WE INVITE YOUR INQUIRY 


JOSEPH POLLAK 
CORPORATION 


DEPT. D 
75-95 Freeport Street 
Boston 22, Mass. 











better 
_..because the NEW 2X2 SNAPIN 


in one assembly operation; 


Eliminates an investment in expensive auto- 
mation equipment; 


Can be applied to solid or stranded wires; 


Eliminates danger of shorts due to “‘solder-bridging’’ of 
inseoure leads; 


Has construction details that promote good capillary flow of solder 
during the dipping process; 


Is self-retaining, with no damage to the printed circuit board during pre- 
assembly operations; 


Is self-aligning—no further positioning or deformation is required. 


Write today for additional information on the NEW A-MP SNAPIN, the AMP-EDGE 
Connector and other A-MP products designed for printed circuit applications. 


AMP INCORPORATED 
GENERAL OFFICE: AMP. 


5912 Eisenhower Boulevard, Harrisburg, Pennsylvania 


Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, 
Canada « Aircraft-Marine Products (Great Britain) Ltd., London, England + Societe 
AMP de France, Le Pre St. Gervais, Seine, France + AMP—Holland N.V. 's-Hertogen- 


Distributor in Japan: Oriental Terminal Products Co., Ltd., Tokyo, Jepan 
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Tough 
Nylon Heyco 


STRAIN 
RELIEF 
BUSHINGS 


Insulate and anchor the 
power supply cord to 


your housing... 
no need for grommets, 
wire knots or costly 



































ABSORBS PULL 


FREE SAMPLES 

Let us know your wire size 
and we will send samples to 
fit. Heycos are made for all 
wires to 3/4" diameter. 








ABSORBS TWIST 





HEYMAN MANUFACTURING COMPANY 
KENILWORTH 13, NEW JERSEY 


a bw 


HEY MAN!...SAY HEYMAN 
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all your specifications 


*K and the middle! 


with ROYAL Engineered 
Cord Assemblies 


If you have special power supply cord require- 
ments, Royal can engineer the right wire, the 
right type of attachment, or the complete assem- 
bly you need . . . for power tools, appliances, or 
other electrically powered equipment. Royal 
cords and assemblies are designed to meet 
highest quality standards, to save valuable pro- 
duction time, and to perform as reliably as the 
products they serve. 


Royal stock molds (caps, connectors, strain 
reliefs, etc.) are also available for molding in 
rubber, neoprene or vinyl to black or colored 
cords of our own manufacture. 


Catalog No. 5-56 illustrates our stock molds. 
Write for your copy! 


ROYAL ELECTRIC CORPORATION 


PAWTUCKET, RHODE ISLAND 


In California: ELECTRIC CORDS & SUPPLY CORP. 
413 E. 3rd St., Los Angeles 13 





Automatic Heat 
Control Cord, 
strain relief and 
end cap molded 
to Type HPN neo- 
prene 
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FIRST Kenly Nan RELAY 


TO MEET TODAY'S RIGID REQUIREMENTS 
PERFECTED BY THE 


A. W. HAYDON °. 


hock 50g 
r Bulletin AWH RY 


| ees AE PRE EP 


ee, 


Pigs eve bags eoninniiaiad 


Uniqs dvgned wih cana laed from ex Contacts 
aegis 


ganic insulating materials, 


TIMING AND CONTROL DEVICES BY THE A. W. HAYDON COMPANY ARE RECOGNIZED AS THE MOST DEPENDABLE PERFORMERS IN THE FIELD. 


400 CYCLE MOTORS 


Reversible — Light weight (8 
ounces). 115 volts + 10%; 55 mil- 
liamps. Torque: 0.025 oz-in at 3000 
rpm. Meet Military Requirements. 
Write for Bulletin AWH MO 803. 


MINIATURE HERMETICALLY 
SEALED TIMERS 


Supplied in 2'/,"" diameter housing. 

Optional mounting and electrical 

termination. 

TIME DELAY RELAYS 

Single or multiple switching. Delay 
eriods from 2 seconds to 3 hours. 
rite for Bulletin AWH TD 400. 

REPEAT CYCLE TIMERS 

Single or multiple switching. Wide 

Range of Time Cycles. Write for Bul- 

letin AWH RC 


PROPORTIONAL DELAYED RESET 
TIME DELAY RELAY 


Provides a controlled reset rate. 
Designed to meet special appli- 
cations. Hermetically sealed or 
enclosed in dust cover. Meets 
military requirements. Write for 
Bulletin AWH TD 402. 





FOR FULL PARTICULARS ON COMPLETE 
LINE OF THE A. W. HAYDON COMPANY'S 
ELECTRO-MECHANICAL DEVICES, WRITE FOR 
CATALOG, DEPT. PED 
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GOVERNED DC MOTORS 


The A. W. Haydon Company now offers 
3 series of Chronometrically Governed 
DC Motors. Each designed to do the 
same job in a different application 
5700 Series — non-military applica 
tions where extreme temperature, vi- 
bration and shock are not experienced 
5600 Series — Aircraft and military 
applications where extreme tempera- 
ture and moderate vibration and shock 
are encountered 

5800 Series — Aircraft and missile ap- 
plications where extreme temperature, 
vibration, and shock are encountered 
Write for Bulletin AWH MO 800. -80!, 
-802, -804 


SPECIAL TIME DELAY RELAY 


Supplied in 2.2" diam- 
eter housing. Precision 
unit: = 1% accuracy. 
Meets military require- 
ments. Adjustable over 
wide range. Write for 
Bulletin AWH TD 500. 


STOP CLOCKS 


20-30 Volts DC. Precision Move- 
ment — Electrical Reset Tempera- 
ture Range -65°F to 185°F. 
Option on mounting and electrical 
termination. Write for Bulletin 
AWH ET 700. 


“A.W-RAYDON 


COMPANY 


244 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 


Design ond Manufacture of Electro-Mechanical Timing Devices 





4. WAYS TO END ALL CORD 
RO AND CABLE SERVICE FAILURES 


PROTECT «=«- 7 Sy 
YOUR PRODUCT y 


: 
at point of strain | 
Protect product sale Phe 
ibility too by insur M . 
1g long life for cords te, : 
ables and conductors 

, 


Genuine GRIPMAS a 
TER Strain Reliefs PS e STRAIN RELIEFS 
provide these vital > : 
eatures a a 
Interruptions due to cable and 
*% Anchor cords to : P s 
housing | cord connection failures are elim- 
© El al ae ; inated because they anchor the 
iming pi 
threading pitta ; cord to the product at the point 
: of strain. GRIPMASTER Strain 
Reliefs can withstand pulls up to 
100 Ibs., and are acceptable to 
Underwriters Laboratories. All 
All sizes and styles » types Reg. U. S. Pat. Off. 
*% Easy to apply 


% Inexpensive a - —_———_ 
Gripmaster Strain Re = y WRITE 
liefs are ‘tremendous INSULATED TYPE F 


trifles’’ that make good SAMPLES 


‘OR 
products better! WIRE BINDING 
SLEEVES—Preventing fray- AND 
ing of cord ends, these 
. LITERATURE 


Ask for samples specially-treated rubber 
TODAY! 


Prevent unraveling 


Prevent cord pull 
damage 


tubes are available in five * 
sizes to fit wires to .790 








GEORGE WALKER COMPANY 


118 AMSTERDAM AVE., PASSAIC, NEW JERSEY 














MINI-JOINTS : provide greater 


freedom in instrument design.... £ 
®Miniature Universal Joints with Zero backlash 


Features 








Zero backlash 

Maximum operating angle of 30 
Lightweight 

Sealed-in Lubrication 


SINGLE JOINT 





TORQUE 
IN.-OZ. 

















a 


\ WR 






































Welded bal! assembly DOUBLE JOINT 








6 [11/32 








9/32 /% 








Send for further information 
available promptly on request - 3/8 V2 





























FALCON MACHINE & TOOL CO. 


Div. of General Thermodynamics Corp. 
209 CONCORD TURNPIKE, CAMBRIDGE 40, MASS. 








Catalogs and Bulletins continueu 


(U-35) High-Temperature Electronic 
Wire—Folder 19-586, 4 pp. Contains 
data on wire for electronic equipment 
meters and panels, with three types 
of insulation: thermoplastic, nylon and 
silicone. General Electric Co., Bridge- 


+ 


port 2, Conn. 


(U-36) Rectifier Power Supply Equip- 
ment—Catalog, 16 pp. Contains data 
on low voltage units. Opad Electric 
Co., 69 Murray St., New York 7, N.Y. 


(U-37) Copper-Clad Laminated Plas- 
tics—Brochure, 4 pp. Contains infor- 
mation about rolled copper and its 
use On laminated plastics. Taylor Fibre 
Co., Norristown, Pa. 


(U-38) Pushbutton Control Units — 
Booklet, 26 pp. Contains diagrams, 
charts and data on oiltight pushbuttons, 
indicating lights, selector switches and 
enclosures. Cutler-Hammer Inc, 315 
N. 12 St., Milwaukee 1, Wis. 


(U-39) Printed Circuitry—Pamphlet, 
4 pp. Contains data on printed circuit 
design. Croname Inc., 3701 Ravens- 
wood, Chicago 13, Il. 


| (U-40) Electrical Contacts—Catalog 


C522, 4 pp. Describes materials, prop- 
erties, forms and uses of units. Gibson 
Electric Co., 8358 Frankstown Ave., 


| Pittsburgh 21 Pa. 


(U-41) Miniature, Hermetically Sealed 
Switches—Catalog 5, 8 pp. Contains 
data on subminiature, standard single 
blade, double blade, and _ special 


| switches designed for custom applica- 


tions. Also included is data on standard 
and special actuators. Haydon Switch, 
Inc., Waterbury, Conn. 


(U-42) Machine Tool Limit Switch 
Bulletin 956, 8 pp. Contains data de- 
scribing 21 heavy duty contact ar- 
rangements. R. B. Denison Mfg. Co., 
102 St. Clair Ave., N.W., Cleveland 
13, Ohio. 


(U-43) Plate-Type Rheostats—Bulletin 
GEA6474, 8 pp. Contains information, 
charts and typical applications. Gen- 
eral Electric Co., Schenectady 5, N.Y. 


(U-44) Basic Switches—Catalog 78, 
32 pp. Contains data on phenolic-en- 
cased, metal-covered, hermetically 
sealed high-temperature units. Micro 


| Switch, Freeport, Ill. 
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ASWUAG literature 


Same, simplifies choice of 


me 


electromagnetic control 


New catalogs offer design engineers important reference tools 
MASTER CATALOG 57-S 


More than a catalog, this complete volume supplies comprehensive 
design engineering data on automatic transfer switches, remote control 
switches, contactors, relays, solenoids, and electric plant control 

For the engineering specialist who is concerned with components 

of the ASCO electromagnetic control line, individual catalogs 

are available covering: 


_ 57-S1 AUTOMATIC TRANSFER SWITCHES : 57-S3 CONTACTORS 
... designed to transfer a load automatically Roe i . . . designed to allow unlimited combina- 





from a normal source to an emergency pad yo | i any tions, including multi-pole, special contact 

source upon failure or reduction in voltage number of stations. For all classes arrangements and materials, and other 

of normal source. For all classes of load, of load, mechanically held. “engineered to fit” features. For all classes 

mechanically or magnetically held. of load, normally open and normally closed, 
magnetically held. 





a 
57-S4 RELAYS ; : 57-S5 SOLENOIDS 57-S6 ELECTRIC PLANT CONTROLS 

‘ . .. Magnetically and mechanically held in ... A-C and D-C, catalog listed or engineered . . . Complete systems and components, par- 
unlimited pole combinations — plus a Sd to your requirements. alleling, charigeover, and alternating panels, 
diversified line of special purpose relays load-demand controls, battery chargers and 
listed as standard catalog items. 2 adapter units. 





Additional technical literature . . . 

Also available is the ASCO engineering study, Any of these important reference tools may be had simply by writing 
“Factors to Consider in the Selection of Auto- Automatic Switch Company — on company letterhead only, please. 
matic Transfer Switches.” 

Catalog 201 on ASCO Solenoid Valves covers 

more than 1300 types —2-, 3-, and 4-way 


with standard, explosion-proof or watertight he, — 
enclosures—in a wide range of body materials. Automalic Switch Co. 
379-H Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 








Catalogs and Bulletins continued 


a) ' ' (U-45) Autotransformer—Bulletin, 24 
we pp. Contains data and diagrams on 
WU adjustable units. General Radio Co., 
275 Massachusetts Ave., Cambridge 

; 39, Mass. 


(U-46) Switches—Catalog 200, 4 pp. 
Contains data on pushbutton, lever 
and turn switches. Donald P. Moss- 
man, Inc., Brewster, N. Y. 


(U-47) Electrical Components—Hand- 
book, 70 pp. Contains specifications 
and diagrams on starters, contactors, 
relays, control units, switches, timing 
devices, solenoids, circuit breakers 


° | transformers, terminal blocks and mag- 
| netic brakes. Cutler-Hammer, Inc., 

P. O. Box 463-4, Milwaukee 1, Wis. 

(U-48) Terminal Blocks—Brochure, 4 


pp. Contains data on quick connect 
units. Rohden Mfg. Co. Inc., 4739 
Montrose Ave., Chicago 41, IIl. 


Now Phofocircuits Corporation offers you (U-49) Single and Multi-turn Poten- 
° ° i —Data sheet 54-34, 2 ; 
the services of its newly formed ewe oe PP 


Contains speciications on ten units. 


FE Ee. Cy" x"<D Helipot Corp., Newport Beach, Calif. 


(U-50) Non-linear Potentiometers 


-peESE — Zs a. 'n data sheet 54-74, 4 pp. Contains chart 
and specifications on 75 models. Heli- 


. L : é pot Corp., Newport Beach, Calif. 
for faster delivery of Printed Circuit Prototypes 
(U-51) Hydraulic-Magnetic Circuit 


: , . ‘ — etin 3411, 20 . Con- 
@ No need to wait weeks for a few engineering samples! We'll deliver FULLY Se senegranr a PP . nee 
FABRICATED parts within days from receipt of your art work or negatives and tains data on design, operation, ap- 
specifications. plication diagrams and_ time-delay 
e This separate division is completely streamlined in its methods and systems to curves. Heinemann Electric Co., 725 
guarantee you the fastest possible service. Plum St., Trenton 2, N. J. 
@ To accomplish this result a special set of “ground rules” has been formulated. 
Your local factory Sales-Engineer will give you all the details. (U-52) Potentiometers—Brochure, 6 
e He can figure costs on the spot! You will not be delayed by having to write pp. Contains data on multi-turn and 
the factory for formal quotation. single-turn models of wire-wound units. 
The PROTO DIVISION combines speed with the three vital attributes that have Electromath Corp., 190 Henry St., 


made Photocircuits the leader in the industry ... EXPERIENCE, EQUIPMENT Stamford, Conn. 
and CONTROL! 


NOW you'll meet that deadline and still benefit from all the cost and quality (U-53) Plunger-Type Mercury Re- 
advantages of printed wiring. lays—Folder, 10 pp. Contains dia- 
grams, data and charts on miniature, 
standard and heavy duty units. Ebert 


[ PROTO O A Visi 2 4 » Electronics Corp., 212-26 Jamaica 


Ave., Queens Village 28, N. Y. 
a C (U-54) Precision Relays—Data sheets 
(2) contain information on units start- 


ing at 5 milliw per contact up to 
Phones: CORPORATI several watts, and available for either 


Glen Cove 4-8000 . , 

Flushing 7-8100 \ Dept. DD9, GLEN COVE, NEW YORK a-c or d-c applications in contact 

Cable: PHOCIRCO combinations from single-pole, single 
throw to triple-pole, double throw. 


Sales- Engineering Offices: Hedin Tele-Technical Corp., 87 Dorsa 
HOUSTON, TEX. * LOS ANGELES, CAL. * ATHERTON, CAL. * ROCHESTER, N. Y. © KANSAS CITY, MO. 


CHARLOTTE, N.C. * DENVER, COLO. * SPOKANE, WASH. * CHICAGO, ILL. © PHILADELPHIA, PA. Ave., Livingston, N. J. 
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Electro-Snap Switches Can Be Adapted to Almost 
Any Job — Quickly, Easily, Economically 


Just choose the Electro-Snap Basic Switch that meets your elec- 
trical requirements, add the proper actuator — and presto! — 
you have a tailor-made precision switch that exactly fits your 
application. Electro-Snap makes a wide variety of stock actu- 
ators to fit almost any requirement. And our engineering depart- 
ment is at your service if a standard combination “won't fill 


the bill.” 


For prompt action on your switching problems, send us a brief 
description and rough sketch of the switch you need. 


SUB-MINIATURE 
SWITCHES 
TYPE E-4 


S.P.D.T., 1 circuit; 5 
amps, 125/250 v. AC 
Operating force 

150 grams max. 
Exceptionally 
vibration-resistant. 
Special model E4-7 

is stabilized for 

— 65° to + 350° 

F. operation. 


Write for 
Data Sheet EX-10 





TYPE S SWITCHES 
Series $1 


$.P.D.T., 2 circuit; 10 amps, 125/ 
250 v. AC/ 30 v. DC. Ind. Screw 
or solder terminals on ends or one 
side of switch. Also available 
with reset button at bottom of 
switch or in Type S-100 Make- 
Before-Break Series where switch 
completes a new circuit before 
interrupting old one. 





Write for 
Data Sheet STX-10 


Write for 
Data Sheet DX-10 


DOUBLE-POLE 
SIMULTANEOUS ACTION 
TYPE D-8 


D.P.D.T., 4 Circuit 
15 amps, 125/250 v. AC. 
10 amps, 30 v. DC Ind. 


replace expensive relays, etc. 


Extension Leof 
Actvat 


ELECTRO-SNAP SWITCH & MFG. CO. 4220 West Lake Street, Chicago 24, Illinois 
MANUFACTURERS OF A COMPLETE LINE OF PRECISION SWITCHES FOR INDUSTRY AND AVIATION ~ 


Fs 


Roller Leof 
Actuator 


Push Button 
Actuator 


Leof Actuator 


_e 


e > a) 

iv 

Roller Lever 
Actvator 


Toggle Actuator 
(Momentory or 
Constant 
Contact) 


Extension 
Leaf Actvotor 


ra 


Roller Actuator 


(momentary or 
» constont contact) 


. = 
Eight terminals and four separate cir- ] 
cuits which operate simultaneously per- 2 
mite switch to reverse 3-phase motors, 


(Vorious button sizes available) 








Toggle Actuctor 7 
~~ 


Roller Lever 
Actuator 


Extension 
leof Actuator 


Leaf Actuctor 


es 


Push Button Actuators 





Roller Leaf Actvator 
Double Toggle 
Actuator 


2. a 


Ganged interlock 


Push Button Actuotors 
(Vorious button sizes available) 


Specio! Push Button 
Actvotor designed for 
fire contro! system 


HERMETICALLY-SEALED 
DOUBLE-POLE SWITCH 


\ 
Write for . 


Data Sheet HJX-10 


—— 


Type 12-4 Toggle Actuator 


for 32-4 


D.P.D.T., 4 circuit 10 amps, 125/ 
250 v. AC/30 v. DC. 


op) | 





Catalogs and Bulletins continues 


(U-55) Synchros—Brochure, 12 pp. 
Contains diagrams and data on units, 


size 1, 3 and 5 Ford Instrument Co., 
Wiring Dependability 31-10 Thomson Ave,. Long Island 


City 1, N. Y 


(U-56) Silicon Rectifiers—Brochure 
ECE148A, 11 pp. Contains applica- 
tion otes on the 4JA60 series of small 


high current units. General Electric 
® Co., Electronics Park, Syracuse, N. ¥ 


(U-57) Variable Resistors and Switches 

Bulletin RCIOB, 30 pp. Contains 

YY iRES & data and chart on dimensions, mount- 
ing styles, ratings, and standard modi 


fications. Stackpole Carbon Co., St 
Mary, Pa 


(U-58) Relays and Switches—Catalog 
10 pp. Contains data on approximately 
forty different units ranging in size 
from standard to miniature. Jaidinger 
Mfg. Co., Inc., 1921 W. Hubbard St., 
Chicago 22, Ill 
PLASTICOTE ; ' —_ 
JACKET STR ) (U-59) Solderless Wiring Devices and 
wo athe Connectors—Bulletin, 8 pp. Contains 
CONDUCTOR , 

data on terminals and connectors for 

Plasticote Multiple . . 

o crimping to wire extremities. Electri 
Conductor Cable ee ~ wae Ss . ectric 
multiple conductors Terminals Corp., 2021 Center St 
No oo. to No Cleveland 13, Ohio 
26 AWG) bare or 

Chesterflur Teflon® Taped Lead Wire — 


CM Fi tinned, solid or ’ 
For — 100°C to +300 C. Meets MIL-W- stranded annealed (U-60) Subminiature Relay—Bulletin 
16878B, Type E and EE requirements. 


copper are available 2 > 9 _ . we 
Color coding available tie p GEA 6412, 2 pp. Describes hermet 


- . a ically-sealed relays and gives table of 


= 





technical data on operating charac 


teristics. General Electric Co., Sche 
Plasticote Hook-up Wire — made to con- Easier Working... nectady 5, N. Y 
form to the requirements of Specification Durable ! 
JAN-C-76 and MIL-W-76A in solid or 


(U-61) Enclosed Switches Catalog 
stranded constructions 


Chester Plasticote is | 77, 24 pp. Contains data and diagrams 

the rugged insulation on units for airborne equipment. Micro 

that adds y cr Switch, Freeport, Ill 

wiring life. S juper- 

Plasticote Coaxial Cable—(RG/U) to con- durable, Plasticote 

form to JAN-C-17A and MIL-C-17B require- (U-62) Magnetic Shielding—Brochure 

le. Special desi f also offers the smooth 

ments are available. Special designs o ’ ay 101. 33 Guateins Gein corlenn 

coaxial cable transmission lines available. pliable qualities that pp. Contains data, peri 
make Chester ance characteristics and applications 

——— conductors easier to of material. Perfection Mica Co., 20 
work with. Specifying N. Wacker Dr., Chicago 6, Ill 
Plasticote means you 

Plasticote Intercom Cable — multiple con- raise wiring quality | (U-63) Electrical, Electronic Hard- 


ductors bare or tinned, solid or stranded at the same time . sec 4 ’ 
; ware—Catalog 1256, 79 pp, contain 
annealed copper with tinned copper shield ee are atalog 1256 pp, contains 


. * * 
and Plasticote jacket increase wiring information on hardware, cabinets, 


. - a ——— Call or components, accessories and tools. In- 
aaa write for 7 suline Corp. of America, 186 Granite 


and bulletins. St., Manchester, N. H 


CH ES i) ER (U-64) Electrical Boxes and Cabinets 

Catalog 10, 24 pp. Contains data 

CABLE CORP. on junction and pull boxes, conduit 

70A HILL STREET, CHESTER, NEW YORK boxes, hinged cabinets and fixtures out- 


let boxes. Spring City Electrical Mfg 
Co., Spring City 78, Pa 


Product Engineering — Design Digest Issue 





DORMEYER SOLENOIDS 


Transcribing 


Equipment a 
ESBS IDED FRAME DESIGN 


Automatic 
ae 


Washing all 
*Machines _ CT DESIGN A 
“ r 


°F 7 Conditioners 
9 | 
A a = 
wan 
3% sad 
A um: ; 
pio 


iZE 
Machine Tools 1000 SIZE 2000 S 


Avtomatic 
Valves 


Ci DESIGN 
Industrial 
Controls 


Automatic 
Accounting Equipment 


wd 


2000 SIZE 
Television 
Sets 


VW 


. \ Be) Photo Electric 
: q a ms Implementation 


. Avtomatic Handling 
Vending Machines 


Equipment 


CREATIVELY ENGINEERED TO SERVE THE 
SMALLEST TO THE LARGEST APPLICATION 


IMPLEMENT PRODUCT IDEAS... new products IMPROVE PRODUCT PERFORMANCE Double shading 
or product modifications can utilize the advantage coils in DORMEYER solenoids deliver high seating pul! 
of electro-mechanical control...remote or proximate without hammer or excessive A-C hum and chatter. And 
. with DORMEYER solenoids engineered to phase-timing the plunger’s stroke for maximum work 
specific design. DORMEYER experience can solve your eliminates any power drop-off. 
solenoid problem. 
REDUCE PRODUCTION PROBLEMS... Made to your 
LENGTHEN PRODUCT LIFE... The quality parts that specifications, DORMEYER solenoids feature close-tol- 
go into a DORMEYER solenoid and their expert fabrica- erance component parts that eliminate many problems 
tion account for its rugged dependability. In turn, this in product assembly. And their ruggedness withstands 
long-lasting reliability increases product service life. handling. 


Dormeyer Solenoids are made for all commercial voltages and frequencies. Standard 
sizes from 1%" x 1%” to 3” x 3”. . . stroke lengths fractional to 2”... pull and/or push 
write capacities to 35 lbs. Larger sizes made to specifications. 
o pt. — 
o # Dep Also Manufacturers of Quality Transformers and Precision Coils. 
Bd 
cked 


aa DORMEYER INDUSTRIES 


3414 MILWAUKEE AVENUE CHICAGO 41,ILLINOIS 


TWO MODERN PLANTS IN CHICAGO AND KENTLAND, INDIANA 
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THESE HAYDON MINIATURE, 
SUB-MINIATURE ano HERMETICALLY 
SEALED PRECISION SWITCHES ARE SHOWN 


The Original 


Koiled RETRACTILE 


Kords” CORDS 
WL 
AAATALAAR AARNE RR RANA 


... and they’re unbeatable for rugged dependability THIS IS A KOILED KORD RETRACTED 


especially under environmental extremes! 


Haydon hermetically sealed switches have true snap 
“break and make" with high contact pressures at any 
point of actuation, independent of speed of actuation. 
One-piece heavy duty beryllium copper switch blade 
with fine silver contacts provides superior electrical and 
thermal conductivity. To insure accurate, reliable func- 
tioning of your product, al- 

ways specify Haydon 


Switches. 


Hermetically sealed 
switches for: 


AIRCRAFT 


Landing gear up 
lock-down lock 
Propeller release se- 
lection and indication 
Gun turret limit 
Guided missiles 


COMMERCIAL 
Auditing systems 
Marine equipment 
Washing machines 
Vending machines 


INDUSTRIAL 
Railroad signalling 
Refrigeration equipment 
Telephone and traffic control 
Fire fighting devices 


CUSTOM DESIGNED FOR 

CUSTOM APPLICATIONS 
Custom built design and 
development service available 
for minature and sub-miniature 
hermetically sealed switches. 


SEND TODAY for completely NEW catalog 
with full data and specifications. 





THIS IS A KOILED KORD EXTENDED 


KOILED KORDS retractile cords are available 
on special order to your specifications in multi- 
conductor types up to 37 conductors, shielded 
if required. 

Stocked types include 2, 3, 4, 5, 6 and 7 con- 
ductor No. 23 AWG communication cords and 
2, 3 and 4 conductor Underwriters’ Laboratories 
approved SO, SJO and SV-neoprene jacketed 
power cords. Also, some sizes of power cords 
available in 5, 6 and 7 conductors. KOILED 
KORDS can be supplied in 48 inch mandrel 
lengths or prepared into cord sets for attach- 
ment to equipment. 


INFORMATION YOU SHOULD GIVE 
WHEN ORDERING KOILED KORDS 


Product on which retractile cord is to be used. 
Length and type of cord now being used. 


Appliance or equipment rating (if motor drive, 
give horsepower) 


Jacket material required: neoprene for resist- 
ance to oil, rubber for cold temperature uses. 


Number of conductors. 


Gage and type of conductors — whether 


stranded copper or tinsel. 

Length to which cord should extend. 
Length of leads on each end. 

Type of terminals or fittings on each end. 
Approximate annual requirements. 


When possible, enclose sample or drawing of 
cord to be duplicated. 


WRITE FOR KOILED KORDS APPLICATION BULLETIN 
SHOWING MANY USES. 


\incorper 


KOILED KORDS, The original retrac- 
tile cords, are the result of 17 years 
of research, development and service 


*KOILED KORDS IS THE TRADEMARK OF KOILED KORDS, INC 
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PERFORMANCE PROVEN 
»»-e- FOR OVER 25 YEARS 


lalla RESISTORS 
RHEOSTATS 


.;}~ ) 


o 4 


KYICS | 


\ 


4 
. : 


H-H Long-Life Resistors 
f 


Blue Ribbon Resistors 
Rugged blue ribbon resis- - 
tors provide higher watt TYPE A RHEOSTATS (25 Watts) 
age ratings per unit, save Functions smoothly unde 
space and weight. Con the most adverse coné 
struction features high ad oe 
temperature, vitreous 
enamel, crazeless coating 
for maximum moisture re 
sistance. Aluminum thru by vitreous enamel. She 
bar distributes heat uni re insulated. Three 

ninals permit use as p 
formly. Corrosion resistant tentiometer or rheostat 
and vibration-proof 


* 


s 


, od TYPE AM RHEOSTATS (25 Watts) 
Gray Line Resistors Featuring porcelain-vitre 


ous ename! constructior 
These dependable resis fone Aid chasetats ave on 


tors feature high tempera ceptionally rugged, com 
ture gray enamel coating = ~ a 
neat giss ting character 
and stronger core for istics. Resistive element 
extra dependability under s wound on a flat, pure 
the most extreme operat ~~ f _ be mgr = 
a ractory 1 COr 
ing conditions. All wire pletely embedded in vitre 
connections on H-H Long ous enamel 
Life Resistors feature all steppe Site Se 
welded construction. The TYPE AMS RHEOSTATS (25 Watts) 
fixed, ferrule and adjust be S type Hardwick -_~ 
able types meet MIL-R-26 Seach aid comaianaieel 
specifications advantages featured in the 
Type AM with lug termin 
als. However, Type AM 
Rheostat 
crew type terminalis 


TYPE H RHEOSTATS (50 to 1000 W.) 


H gh temperature ename 
designers and engineers exclusive electrical and 4s maximun 


Hardwick Hindle quality compone nts offer circuit 


afety 
mechanical features. These design “plus” tactors ’ under overloading. H-H 
Ly bus-bar construction pr 
provide complete dependability where severe oS : , 
. ~ vides ample resistance 
Ope rating environments are ecncount red in ample safety under max 
commercial or military service. Complete data mum current require 
on H-H Rheostats and Resistors is available on ments. Constant pressure 
" contact arm provides trou 
request. Call or write for illustrated resistor 7 . Ok 
, ble-free operation 
and rheostat catalogs today 
Standard stock items available for 
immediate delivery from authorized 


local electronic parts distributors. 


The Mark of Quality Since 1924 40 HERMON ST., NEWARK 5, N.J., U.S.A 
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SPECIAL SWITCHES 
STANDARD“ 
FSCO 


of Weymouth 


Gear-operated 
TYPE JR 


TYPE JR 




















TYPE JD-JS 
ERT EP 





a 


When you need a SPECIAL switch. . . 


ESCO standard, uniform components can be assembled to meet your 
requirements; or a deviation from one of our standard types will give you a 
special switch at a standard switch cost. Over 90% of our production is SPECIAL 
im one way or anotier. 


These standard switches can be modified to fit your application: 
@ TYPE A up to 8 positions, 7 sections maximum, detent- 


mechanism, rating 5 amperes 125 volts a-c/30 volts d-c 

@ TYPE AF — up to 8 positions, 6 sections maximum, detent-action, 
rating with resistive load 5 amperes at 28 volts d-c or 115 volts 
400 cps, per MIL-S-6807. 
TYPE P — Multi-section, up to 4 positions, snap-action, rating 10 
imperes 125 volts a-c, 5 amperes — 125 volts d-c, 30, 60, 100, 
200 amperes at 500 volts a-c, or 250 volts d-c. Can be assembled 
to meet Specification MIL-S-15291 
TYPE JR up to 8 positions, 30 sections maximum, detent-action, 
rating 10 amperes at 125 volts a-c, 5 amperes 125 volts d-c 
TYPE JD-JS — up to 8 positions, 5 sections maximum, detent- 
action or snap-action, rating 30 amperes at 230 volts a-c 


TYPE HT up to 16 positions, 6 sections maximum, detent-action, 


rating 5 amperes at 125 volts a-c 

Bureau of Ships No. 9000-S6202-74085 rating 10 amperes at 120 

volts a-c. BuShips 9000-S6202-74090, 9000-S6202-74096. and 

9000-S6202-74224, ratings 30, 60, and 200 amperes, 500 volts a-c 
250 volts d-c. 


Write for data sheets or catalog on ESCO rotary multipole switches — 
or send us your requirements and we'll give you full specifications on the ESCO 
switch that meets YOUR need. 


(BS, ESCO of WEYMOUTH 
wy sb se. al eon 








Catalogs and Bulletins continued 


(U-65) Electrical Insulating Materials 

Booklet B 1050, 60 pp. Describes 
properties of treated papers, organic 
varnished fabrics and combination in 
sulations. Westinghouse Electric Corp., 
Trafford, Pa 


(U-66) Silver-Cadmium Exide Electri- 
cal Contacts—Bulletin, 4 pp. Con- 
tains information and tables. H. A 
Wilson Co., 2655 U. S. Route 22, 
Union, N. J. 


(U-67) Thermistors—Manual TH- 
13A, 53 pp. Contains charts and data 
on thermally sensitive resistors for au 
tomatic detection, measurement and 
control of physical energy. General 
Electric Co., Detroit 32, Mich 


(U-68) Proximity Transducer Systems 

Bulletin CPP356, 6 pp. Informa- 
tion on transducer for use in counting 
and automation. Electro Products 
Lab., 4501 N. Ravenswood Ave., 
Chicago 40, Ill 


(U-69) Miniature Electrical Connect- 
ors—Catalog, 8 pp. Describes stand 
ard plugs and receptacles as well as 
push-puli miniature connectors and 
spherical orientation (rack and panel) 
connectors. Deutsch Co., 7000 Ava 
lon Blvd., Los Angeles 3, Calif 


(U-70) Electronics Facts Handbook 

Booklet, 20 pp. A _ collection of 
selected reference data useful to peo 
ple concerned with government and 
industrial research and development 
activities. American Machine & 
Foundry Co., 261 Madison Ave., 
New York 16, N. Y 


(U-71) Vane-Actuated Switch—Bro- 
chure S800-1, 2 pp. Describes and 
illustrates control unit. Minneapolis- 
Honeywell Regulator Co., Wayne 
and Windrim Ave., Philadelphia 44, 
Pa. 


(U-72) Potentiometers and Accelero- 
meters—Bulletins (2), 2 pp, contains 
data and diagrams. Humphrey Inc., 
2805 Canon St., San Diego 6, Calif 


(U-73) Constant Voltage D-C Power 
Supplies — Booklet DC 235, 8 pp 
Contains data for six, standard-de- 
sign, regulated d-c power supplies for 
intermittent, variable, pulse loads, or 
high-amperage loads. Sola _ Electric 
Co., 4633 West 16 St., Chicago 50, 
Ill 


Product Engineering — Design Digest Issue 





No. 1 


of a series of ads 
dealing with basic 


facts about 


Designing for Product Improvement 


~—— With WILCO THERMOMETAL’ 


Thermometal (thermostatic metals) 
are laminations of two or more different 
metals with unequal coefficients of ex- 
pansion. The difference in rate of expan- 
sion causes them to change shape with 
changes in temperature and, if re- 
Strained, to build up force. 

This basic fact is of great industrial 
importance, for it makes possible the 
application of Thermometal in indicat- 
ing and controls devices in 4 broad 


categories. 


1. Temperature Indication, aS in 
Thermometal thermometers 





2. Temperature Control, as in electric 
Irons, toasters, or room thermostats 

















3. Temperature Compensation, aS in 
automotive heat manifold control. 


4. Sequence Control by Functional 
Heating, as in electric circuit breakers 


for overload protection 








Thermometal can be rolled to any 
desired thickness and formed into al- 
most any shape, and still respond to 
temperature changes. For this reason it 
is a unique therma! element, which 
functions without linkages, seals, spe- 
cial mountings, and in most applications 
without electrical energy. Thermometal 
can be made to perform simple flexing 
motion, rapid snap action, and rotary 
or twisting motions. Four basic shapes 
are used alone or in combinations to 
obtain these motions: 


1. CANTILEVER 


2. SIMPLE BEAM 


3. U-SHAPE 


| 


4. SPIRAL OR HELIX 
. 


According to the application, the 
f Thermometal is generally 
governed by four performance factors: 
1. Maximum temperature encountered 
in service: (300°Ff 500 °F ROO" T 
or 1O00°F) 
Temperature ri 
mum sensit 
300°F (low) 
dium); 300 
800°F (extra h 
3. Deflection and force required 
4. Electrical conductivity 
A. Wilson Company 


in the development 


s the 


ture of thermostatic metals 
We produce over 40 metals for this use 
Also we make a complete line of electri- 
cal contacts for use with Thermometal 
Reprints of this series are available 
on request. For further information 
about our products, ask for the Wilco 
Blue Book, the most complete reference 
manual ever written on Thermometal 
And if you have 
an immediate ap- 
plication problem 
for Thermometal 
or other Wilco 


products, please 





tell us. Our engi- 





neering service 1s 


at your disposal 


THE H. A. WILSON COMPANY 
2655 U. S. Route 22, Union, New Jersey 
Branch Offices: Chicago * Detroit * Los Angeles * Providence 
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and INDUSTRIAL 
Vea 
CONTROLS 


B/W equipment covers all phases 
of liquid level control. It is ver 
satile and may be used to control 
any liquid that conducts electricity 
It is simple and positive in action, 
without vacuum tubes, floats, or 
moving parts in the liquid 


Complete Engineering 
Service 


Our staff of competent and ex 
perienced engineers will welcome 
the opportunity to discuss all 
phases of liquid level control with 
you, such as interlocking controls, 
programming controls, multiple 
signalling. 


Type LH Chassis 
For Pump Down Control 
1 Pole N. 0. Contacts 


Safety Features 


B/W Controls bring you safety fea- | 
tures, such as shutting off pumps | 


when pre-determined low liquid 
levels are reached — protecting 


pumps from running dry and burn- | 
ing bearings. High level protection | 
is also assured, assuring shutoff | 


at the proper time. 


Versatile Operation 


B/W Controls are not affected by 

pressures, temperatures, acids or 

caustics. Remote control, if desired 

5-700 Pull Type 
Solenoid sary. 


INDUCTION RELAYS e RELAY SWITCHES 


SIGNALS & ALARMS e MULTIPLE PUMP CONTROLS 


CONTROL PANELS e A. C. SOLENOIDS 
MAGNETIC CONTRACTORS AND STARTERS 


MAIL COUPON FOR FULL INFORMATION 


B/W CONTROLLER CORPORATION 
2200-2 E. Maple Road, Birmingham, Mich. 


Please mail catalog at once te 
Firm 

Address 

City 


Attention Mr. 











WIRE TERMINALS 





lce free electrodes where neces- | 


loose ... or continuous strip 


Quick delivery from thousands of types in stock 
. or produced to your specifications. 


Either way, P-M is your best buy in quclity 
electric wire terminals. Our experienced staff 
of engineers is backed by modern expanded 
factory facilities. The result is a top team in 
the terminal league. 


WRITE FOR CATALOG 


PATTON-MacGUYER COMPANY 
2! Virginia Ave., Providence 5, R. |. 


“RE 

] 4 Bs 

74 Complete Reference Manual ou 
MERCURY PLUNGER RELAYS 


For all loads up to 60 AMPS or 5 HP. 


+f 








Send for 
FREE 


FACT FILE 


and 30 day 
test details 


a 

a 

a 
a. 


aourcs coer 


ISM Pia-lals alia. Vall-ta) *® Hermetically Sealed! 
7. nsta nm one minute * No maintenance required! 
* No pitting » sticking! No corresior *® No Sparks! 


Solves your relay problems once and for all 


EBERT ELECTRONICS CORP. 


212-07 Jamaica Ave., Queens Village 28, N. Y. 
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Now...a complete “family” 
of laminated insulations 


Here’s real help for electrical designers and manufacturers 
looking for one dependable source of supply for all types of 
Class “B” and Class “H” insulation. 


Effective immediately, Chase & Sons, Inc., can supply you 
with a complete range of Glasterra insulating combinations in 
sheets, rolls, or tapes for all types of applications. Thoroughly 
tested and engineered to withstand maximum temperatures 
in minimum space, pyrolysis-resistant Chase Glasterra products 
offer these major advantages: 
* Higher dielectric strength under prolonged operating conditions 

Maximum pliability for ease of application 

Greater dimensional stability in storage or in use 

Space-saving compactness 


Maximum resistance to moisture, oils, chemicals and solvents 


CHASE & SONS INC. 


CABLE INSULATING TAPE * CABLE BINDING TAPE + CABLE JACKET 
TAPE * NEOPRENE SPLICING TAPE FRICTION, RUBBER AND 
PLASTIC TAPE * LAMINATED AND REINFORCED INSULATION 
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CHASE GLASTERRA 


. . . made from Johns-Manville Quinterra 
combined with glass fabric or reinforced with glass fiber 


and Quinorgo 


Find out now how the f 
Glasterra products can hel; 

of insulating problems. Write t 
plete details 


Quinterra and Qt Inorge we reg tered 


AA 


trademarks of Johns-Manville Cc 


oes ee ee ee CLIP AND MAIL oo oe oe oe 
§ CHASE & SONS, INC. 


26 Spruce Street, North Quincy, Mass 


Please send me samples and complete tech- 
nical data on Chase Glasterra 


Name Position 
Firm 
Street 


State 


Coenen 
+ 4 





for design 
engineers 


Di_.TAL 
INDICATOR 


A new lightweight Digital Indicator for data 
ACTUAL SIZE display has been developed by Union Switch 
& Signal that has many uses in aviation and 
other industries. It is designed for either local 
or remote use, on a direct wire basis, and re- 
sponds to binary code. The indicator reads 
out directly and has a non-dissipating stor- 
age facility. Data can be printed out if neces- 
sary. Write for Bulletin 1011. nd 


CLICLy 


MINIATURE RELAYS 
AC or DC 


A wide variety of UNION AC or 
DC Miniature Relays, with all 
standard mountings, is stocked 
for immediate shipment. Contacts 
can be gold alloy, palladium or 
the new HI-LO material which 
permits the use of one relay for 
both high-level loads of two am- 
peres and low-level, dry-circuitry 
loads, eliminating the need for 
two separate relays. 

Coil resistance runs up to 13,500 
ohms, vibration resistance up to 
2000 cycles at 30 G’s, and shock 
in excess of 50 G’s. Write for Bul- 
letin 1012. 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 
PITTSBURGH 18, PENNSYLVANIA 


Catalogs and Bulletins continued 


(U-74) Heavy Duty Series—Parallel 
Switches, Brochure, 2 pp. Contains 
diagrams and data on _ 12-24 y 
switches for engines having 12 v sys- 
tem. Leech-Neville Co., Cleveland 3, 
Ohio. 


(U-75) Static Control Elements 
Bulletin GEA 6578, 8 pp. Contains 
data and diagrams on units that 
operate without moving parts. Gen- 
eral Electric Co., Schenectady 5, 
N.Y. 


(U-76) Miniature Voltmeter — Data 
sheet, 1 p. Contains specifications on 
expanded scale a-c units. Interna- 
tional Instruments Inc., P. O. Box 
2954, New Haven 15, Conn 


(U-77) Electrical Terminal Blocks 
and Kits—Catalog 556, 4 pp. Con- 
tains descriptions, specifications and 
prices. Curtis Development & Mfg 
Co., 3250 No. 33 St., Milwaukee 16, 
Wis. 


(U-78) Photoelectric Controls—Bulle- 
tin, 15 pp. Contains data on moder- 
ate, ultrasensitive, high-speed and im- 
pulse-actuated units. Autotron, Inc., 
Box 722-V, Danville, Ill. 


(U-79) Metals, Contacts and Assem- 
blies—Catalog, 12 pp. Contains data 
on clad, thermostat, industrial, solid 
and clad precious metals, electrical 
contacts and complete assemblies 
Metals and Controls Corp., Attleboro, 
Mass. 


(U-80) Custom Design File—Booklet, 
9 pp. Contains information on the 
variety of custom power supply work 
done by the NJE engineering staff 
NJE Corp., 345 Carnegie Ave., Ken- 
ilworth, N. J. 


(U-81) Capacitors — Bulletin GEO- 
808C, 5 pp. Contains data on units 
designed for low voltage A-c and 
D-c applications. General Electric 
Co., Schenectady 5, N. Y. 


(U-82) Static Switching Systems 
Bulletin GEA 6364, 8 pp. Describes 
the operation and lists advantages and 
flexibility. General Electric Co., 
Schenectady 5, N. Y. 


(U-83) Precision Switches—Brochure, 
8 pp. Contains charts and data on 
heavy duty units for machine tools. 
Micro Switch, Freeport, Il. 
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Looking for reliability? 


Where there must be no slipups, there will 
be no slipups, if you depend on CTC. 

These components are guaranteed uncon- 
ditionally in quantities from one to millions. 

For samples, prices, write CAMBRIDGE 
THERMIONIC CORPORATION, 473 Concord 
Ave., Cambridge 38, Mass. West Coast 
stocks maintained by E. V. Roberts & 
Associates, 5068 West Washington Blvd., 
Los Angeles 16 and 988 Market St., San 
Francisco, California. 








CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components 
custom or standard 








CTC QUALITY SHIELDED COIL FORMS 
Miniaturized. Highly shock resistant. Me- 
chanically enclosed, completely shielded 
for maximum reliability. 





CTC QUALITY CAPACITORS 

Miniaturized Variable Ceramic Capacitors 
that outperform much bigger capacitors. 
(Extreme right): Stand-Off Capacitors with 
ceramic dielectric. Rugged R-F by-pass 
capacitors for high quality equipment. 
Shock-, vibration-, humidity-resistant. 





CTC QUALITY DIODE CLIPS 

Seven different types, including spring- 
loaded units primarily for holding fragile 
diode pigtail leads from .005” to .085” in 
diameter. CTC also offers lines of quality 
battery clips and miniature plugs and 
jacks. 





CTC QUALITY TERMINAL BOARDS 


Custom-made, standard all-sets, standard 
ceramics. Variety of materials available 
paper, cloth, nylon, glass laminates 
phenolic, melamine, epoxy, silicone resins. 
Moisture and fungus-proofed. 





CTC QUALITY 
PERMA-TORQ 

COIL FORMS 
Constant-tensioning 
devices for tuning 
cores of standard 
CTC ceramic coi! 
forms. Keeps coils 
tuned as set despite 
shock, vibration. 





CTC QUALITY INSULATED TERMINALS 
Wide variety of stand-off and feed- 
through models in Teflon and ceramic. Ex- 
tremely resistant to shock, vibration, 
moisture and temperature. Solder termi- 
nals hold even after prolonged soldering 
operations. 











CTC QUALITY 
KNOBS AND 

PANEL HARDWARE 
Selected materials, 
carefully processed 
and finished. Metal 
parts polished before 
plating. Hard-wear- 
ing surfaces, lasting 
lusters. 








CTC QUALITY PRINTED CIRCUIT 

COIL FORMS 

Phenolic and ceramic types. Can be 
soldered after mounting. Available as 
forms alone or wound as specified. T'wo- 
to six-terminal models. 
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2 Pole Level Control 
TYPICAL APPLICATIONS 
Pump Controls 
High and Low Level Cutoffs 
High aad Low Level Alarms 
Multi-level Signals 
Volumetric Metering 
Boiler Feedwater and Cutoff 
Sewage Ejector Controls 
Carbonator Pump Controls 
Submersible Pump Cutoff 
Evaporator Cutoff 
Process Industries Controls 
Special Panels and Controls 


Floatless, Electrode Type, Liquid Level Controls 


PRINCIPLE OF OPERATION—The operation of controlling liquid levels 


by means of electrodes is simple, accurate and positive. A combination ot 
a matched relay and transformer, integrally mounted on a common baseplate 
and connected to one or more electrodes positioned to contact the liquid 
surfacé at predetermined levels, actuates the opening and closing of elec- 
trical contacts on the relay. The contacts may be used to switch a motor, 
motor starter, contactor, motorized solenoid valve, alarm bell, 
pilot light or any other device. 


valve, 


SALIENT FEATURES—There are no moving 


Is @Casy, 


parts in the liquid. Installation 
requiring no adjustment aside from cutting the electrodes to their 
proper lengths. Operation is unaffected by acids, alkalis or caustics and is 
independent of temperature and pressure. The control can be located remote 
from the liquid container. Levels can be maintained within 1/16 inch. All 
terminals are located on a single panel on top of the relay for accessibility. 
All contacts and moving parts are situated below the main panel for maxi- 
mum protection. Spacing and insulation are adequate for 600 volts. The 
baseplate is provided with keyhole for mounting screws. Equipment is listed 
b. Underwriters Laboratories. 


ELECTRICAL RATINGS—Controls are available with coils suitable for any 
combination of supply line voltage and frequency. Contacts are U/L rated 
at | HP for 115 or 230 volts, 10 amperes 115 volts or 5 amperes 230 volts 
inductive load, and 690 volt-amperes 230 volts or 125 volt-amperes 460 
volts for pilot duty. All controls are of the double break, bridge type and 
have wiping action on closure. 


Write for 32 Page Catalog 


CHARLES F. WARRICK COMPANY 


1961 W. Eleven Mile Road Berkley, Michigan 








For 40 years... 


specializing in all types of coils to 
customers’ specifications. Design or engineering assist- 
ance available on request. 


also Any Size—large,™ & 
small or very thin— 


Light Weight, Tough, 
Flezible, as required.| 

| Completely High Voltage 
Tested. Operate under at 

| High Pneumatic Pres- 

| sure, Resist corrosion.” 

| Immersable. Insulated 
with Silicone Rubber, 
Neoprene, Kel-F Resin, \ya™ 
Polyethylene, ete. Meet” ne 
USAF Specs. Low Cost. 
Standard units available.) 

Write or call— 


Electro-Flex Heat NC, 


83 WOODBINE ST., HARTFORD 3, naik 
(CHapel 7-240!) 


Send for free illustrated booklet 





COTO-COIL CO., INC. 


SINCE 1917 


61 Pavilion Avenue Providence 5, Rhode Island 
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Time Delay Timers 


























Interval Timers 





Re-Cycling Timers 


Timers for Automatic Control 
... Standard or Special? 


You'll get quick deliveries 
from Industrial Timer 


veries ff ers h ve beer GF | lying you in your 
automatic control projects, try us! True, your problem may 
be different and difficult indeed, for no two automatic cor 

trol jobs are exactly alike. But our record in helping out ir 
situations like these is excellent. For in this field we have a 
valuable background, twenty years of timer experience to 


be exact, that has provided us with the special knowledge 
' when d new timer for 


needs. So why not send us your specifications. You 
How do we do it? The answer is in what we believe to be prompt reply and you may save yourself much lost nm 


required to supply our customers with the right answers. 


INDUSTRIAL TIMER CORPORATION 


1423 McCARTER HIGHWAY, NEWARK 4, NEW JERSEY 
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INDICATOR LIGHT ASSEMBLIES Bie. 














RIGHT Data. . 
RIGHT /deas . . for your 


MINIATURE LIGHTING 


For — Pilot — Dial — Indicating 
—Illuminant uses, DRAKE’s 
quick-reference catalog simpli- 
fies selection of just the right 
Miniature Lighting unit. 16 
picture and fact-packed pages 
include detailed specifications; 
plus highly useful data on basic 
unit elements, best choices for 
various uses, etc. Project Data 
Sheet makes it easy to get spe- 
cific recommendations for your 
job. Decades of specialized ex- 
perience in all aspects of Minia- 
ture Lighting make DRAKE 
first choice for top results, best 
quality, greatest economy. 
5 your 
S Kot copy 
TODAY! 


DRAKE 
MANUFACTURING 
COMPANY 


Hubbard Street 
22, ILLINOIS 


1713 West 





Catalogs and Bulletins continued 


(U-84) Solenoids — Catalog, 70 pp, 
has data and tables. Trombetta Sole- 
noid Corp., Milwaukee, Wis. 


(U-85) Selenium Rectifiers — Bro- 
chure 1009, 16 pp. Gives design fea- 
tures, rating charts and data. Union 
Switch and Signal, Pittsburgh 18, Pa. 


(U-86) Potentiometers—Catalog, 20 
pp. Description, technical data, di- 
mensional drawings, specification al- 
ternates and power rating curves for 
potentiometers. Gamewell Co., New- 
ton Upper Falls 64, Mass. 


(U-87) A-c and D-c Miniature Re- 
lays—Bulletin 1010, 4 pp. Diagrams 
and information for airborne elec- 
tronic equipment. Union Switch and 
Signal, Pittsburgh 18, Pa. 


(U-88) Electric Heaters—Catalog, 29 
pp, describes industrial electrical 
heating units and devices. Contains 
information and _ design 
charts on strip heaters, natural and 


selection 


forced convection air heaters, oven 
heaters, immersion heaters, cartridge 
heaters, melting pots, industrial hot 
plates, and heater control equipment 
Westinghouse Electric Corp., P. O 
Box 2099, Pittsburgh 30, Pa. 


(U-89) Pump Motor—Brochure, 3 
pp, has diagrams, specification and 
performance charts of hydraulic 
pump motor. Gerotor May 
Box 86, Baltimore 3, Md 


C orp., 


(U-90) Retractile Electric Cords 
Catalog 556, 12 pp, shows cords for 
industry, communication and home 
application. Koiled Kords, Inc., Box 
K, New Haven 14 Conn. 


(U-91) Microminiature Relay—Bulle- 
tin GEA-6346A 8 pp. Description 
and tables on relay for airborne, ship- 
board and portable unit applications 
General Electric Co., Schenectady 5. 


(U-92) Hook-up Wires — Bulletin 
1901, 2 pp. Description of extruded 
teflon hook-up wires together with 
constructions of gage sizes. Revere 
Corp. of America, Wallingford, 
Conn. 


gee en 


(U-93) Solenoids — Bulletin 200, 6 


pp, describes a-c and d-c solid frame, | 


and a-c laminated solenoids. Comar 
Electric Co., 3349 Addison St., Chi- 
cago 18, Ill. 


TIPS && 
on using iy j 


— 


GIBSILOYS 


GIBSON CONTACTS 
in new S&C “Loadbuster” 
help linemen open switches 
without “pulling arc’’ 


es 


* pase / 
as 


P/ 


+ / Vy 


& 


* S&C ELECTRIC COMPANY 


developed the “Loadbuster,” a 
unique new device enabling elec- 
trical linemen to open heavy 
power-line switches without “pull- 
ing an arc.” For this rugged-duty 
product, the electrical contacts 
must be high in non-sticking, arc- 
resisting properties, and long life. 


* GIBSILOY W-15 


silver-tungsten contacts were 
chosen by S&C to do the job, 


* GIBSON CONTACTS 
can do the same for you. We offer 
a complete line of contact mate- 
rials, forms, and assemblies to 
meet requirements of your elec- 
trical product. Contact us to quote 
on your next job. Our engineers 
will help you in contact design. 
——— =v” i 

~“See our catalog in Sweet's 

Product Design File 


or write for Gibson 


_ Catalog C-520. _ 
“ ~ 


ee 


ibsilo 


ELECTRICAL CONTACTS 





anuach Ahead Oy 


Gipson Etectric COMPANY 


BOX 634, DELMONT, PA. 
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When 


CORES yo u 





need 


industrial 
ceramics 


consult... 


Ie 


“ADVAC” HIGH 
TEMPERATURE 
SEALS 


General Ceramics design and production facilities are 
; . ° ° 
geared to today’s electronic and electrical requirements. 
In many cases, standardized designs and production 
a methods can reduce costs and facilitate delivery. When 
specifications call for new designs and engineering, 


General Ceramics’ half century of ceramic manufacturing 
experience is available to help solve your problem 
» ¢b quickly, and economically! 


‘ For Complete information, 
ee call or write Department DG 


Manufacturers of FERRAMIC CORES, MAGNETIC MEMORY CORES, MEMORY PLANES, MICROWAVE FER- 
RITES, SOLDERSEAL TERMINALS, HIGH TEMPERATURE SEALS, STEATITE, ALUMINA & CHEMICAL STONEWARE 


I 
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~ RELAYS 


® 


MINIATURE HERMETICALLY SEALED 
AIRCRAFT— MISSILE RELAYS 


Series R 4PDT (Form C) 


Extremely wide range of performance character- 
istics at temperatures from —65° C to +200° 
C. Stable and resistant to vibration and impact. 
Ratings available up to 10 amperes at 120 VAC 
and 26% VDC. Special ratings up to 400ma. 
at 350 VDC or down to millivolts and milli- 
amperes are also available. Size: 1.6 cu. in., 
Weight: 4 oz. or less. Wide choice of mount- 
ings including ceramic plug-in sockets. Get 
Bulletin R 250 for further information. 


Series S 4PDT (Form C) 


For use where reliability and long 
storage life are most 
Reliably switches “Dry” circuits 
involving millivolts and micro- 
amperes. The coil itself is hermeti- 
cally sealed within the hermetically 
sealed enclosure. The switch mech- 
anism contains no organic matter; 
contact contamination is virtually 
eliminated. Get Bulletins S 260 and 
R 250 for further information. 


essential. 


GENERAL PURPOSE AC or DC POWER RELAYS 


Series W 2PDT (Form Z) 


These relays are designed for general purpose 
switching where small space and low cost are 
required in addition to dependability. Standard 
voltages are from 6 to 220 VAC or VDC. 
Contact ratings up to 25A resistive, 120 VAC— 
240 VAC, 1 H. P. 120 VAC, 2 H. P. 240 VAC, 
other ratings by specification. Unit measures 
1%” x 1%” x 1%", weighs 10 oz. or less. Side 
stud, panel stud and plug-in socket mountings 
are standard, others are available on request. 
Ask for Bulletin W 75A. 


Hermetically Sealed 
Coil Case 


.Hermetically Sealed 
Relay Cover 


Non-contaminated Switch 
Ceramic Contact Carrier 


Inorganic Insulated Base 


i 


HART mp 
HARTFORD oni 





Engineered specials: You can obtain variations from the above 
standard relays for your specific requirements. Send your specifica- 
tions for recommendations and quotations. Call or write today. 
Ask about “Diamond H” switches and thermostats. 


_THE HART MANUFACTURING COMPANY. _ 


eo 


ha? 


Catalogs and Bulletins continued 


(U-94) Wire and Ribbon—Catalog, 
40 pp. Contains description and price 
list of wire, ribbon, weld and carbo- 
strip products. Sylvania 
Products Inc., 12 
Warren, Pa. 


Electric 


Second Ave., 


(U-95) Electronic Component Data 
Service—Brochure, 7 pp. Describes 
for electronic engineers by 
means of a machine card system 
Data, Inc., 67 Lawrence Ave., West 
Orange, N. J. 


service 


(U-96) Transformers—Catalog, 26 
pp. Contains specifications, pictures 
and prices of open frame, 
channel frame and end bell cased 
transformers. Nothelfer Winding Lab.., 
111 Albermarle Ave., Trenton, N. J 


cased 


(U-97) Solenoids and Coils—Booklet 
6 pp. Contains diagrams and data on 
solenoids, wound, molded and metal 
enclosed coils. Anderson Controls, 
Inc.. 2777 Mannheim Rd., Des 
Plaines, Ill. 


(U-98) Excitation System — Bookle! 
5.08, 8 pp. Description and diagrams 
of alternator regulation and control 
Electric Regulator Corp., Pearl St 
Norwalk, Connecticut. 


(U-99) Limit Switches—Bulletin 
4 pp, on machine tool limit switches 
describes 19 contact arrangements 
available with seven models. R. B 
Denison Mfg. Co., 102 St. Clair Ave.. 
N. W., Cleveland 13, Ohio. 


356 


(U-100) Rotating Limit Switch—Bul- 
letin 5605, 4 pp, contains voltage 
rating charts, dimensional diagrams 
wiring illustrations, application photos 
and list prices. Furnas Electric Co.. 
1050 W. McKee St., Batavia, Ill. 


(U-101) Thermistors—Catalog EMC- 
1, 12 pp, gives dimensional drawings, 
physical descriptions and complete 
electrical specifications for various 
forms of precision thermistors, includ- 
ing beads, rods, discs, and washers 
Fenwal Electronics, Mellon St., 
Framingham, Mass. 


Inc., 


(U-102) Single-Phase Motors—Bulle- 
tins 470-A, 4 pp, describes 10 and 15 
hp all-weather high torque, capacitor- 
start, capacitor-run, single phase mo- 
tors. Robbins & Myers, Inc., Spring- 


240 Bartholomew Avenue, Hartford, Conn., Jackson 5-3491 — 
jie ee field, Ohio. 
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DESIGN ENGINEERS say this 


CONDULETS 


~\ 
y "No matter what type of 
explosion-proof fitting we 








need, Crouse-Hinds has it!” 
SY 


—Proportioneers, Inc. (Div. of B.I.F. Industries, Inc.) 











GASOLINE BLENDER CONTROL 
PANEL built by Proportioneers, 
Inc. for Shell Products. 


REAR VIEW Panel contains 58 
different types and sizes of ex- 
plosion-proof Condulets—a total 
of 715 in all. 


“DESIGN as you will — CONDULETS fill the bill” 


No matter how complicated your electrical con- 

duit layout, you'll find everything you require in 

the Condulet Catalog. There are more than 

: 15,000 different types of Condulets, plugs, re- 
wationwioe \  ceptacles, switches, controls, circuit breakers 
DISTRIBUTION and lighting fixtures — for both hazardous and 


cnctyslusty through ordinary locations. 
ELECTRICAL 
DisTRisuToRs 


For complete freedom in layout design, get 
a acquainted with Condulets. Product Engineering 
Advisory Service available on request. 


CROUSE-HINDS company 


Main Office and Factory: Syracuse, N. Y. 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


FLOOD LIGHTS © CONDULETS © TRAFFIC SIGNALS ® AIRPORT LIGHTING 
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THERE ARE OVER 
15,000 ITEMS in 
the CROUSE-HINDS 
CONDULET LINE 


e CONDUIT FITTINGS 


in all types 
and sizes .. . 


PLUGS AND RECEPTACLES 


hs . 


e PILOT LIGHTS AND 
PUSH-BUTTON STATIONS 


e LINE STARTERS AND 
CIRCUIT BREAKERS... 


These and thousands of other Condulet 
Electrical Equipment items are available in 
both explosion-proof and conventional types 


FOR TECHNICAL INFORMATION 


write for Condulet Catalog 


3400 or call on the Crouse + Comba ers 
e~ 


Hinds representative nearest 


~~ 


you for assistance or rec 


ommendations on any elec — SS 


trical problem 








NEW! Non sticking, greaseless, long life 
SHORT STROKE SOLENOIDS 
for original Equipment or “replacement use 





PULL CAPACITY 

1 Ib. to 300 Ibs. at 85% 
voltage; |.4 lbs. to 420 Ibs. 
at 100% voltage. Strokes 
Y2" to 1!" 

*INTERCHANGEABILITY 
Complete interchangeabili- 
ty with National Acme line 
of solenoids, size for size, 
and all combinations and 
modifications. 


ONLY Trombetta Solenoids Offer All These Features 


NON-MAGNETIC METAL GUIDES sticking and dragging and to render the 
(t and 3) solenoid unreliable and inoperative; 

(g) Thus the life expectancy of the 
solenoids is increased manyfold and the 
solenoid remains completely reliable 
throughout its life 

(h) tt is fairly well estabjished that the 
quides of the type and thickness we use 
outlast the rest of the solenoid. 
THREE CONTACT SURFACES, (5, & 
and 8) 

By the use of three eontact surfaces, 
all of them pole shaded, the solenoid 
stan be made as quiet as desired with- 
out any difficulty 


By the use of heavy non-magnetic 
metal guides (1! & 3) for plunger head 
(2) the following advantages are ob- 
tained 


(a) All possibility of magnetic sticking 

and dragging is eliminated 

(b) No heavy grease lubrication fer 

plunger is required; 

(c¢) Selenocid may be mounted in any 

position and at any angle to the ver- 

tical, without in any way affecting its 
erat he | t f ful tif 

operation or the length of its useful life THREE IMPACT SURFACES, 5. 6 
d) it is not necessary to make the and 8) 

plunger (2) precision fit te the frame; The use of three impact surfaces 

4 triples the life of the solenoid as com- 

(e) When mounting the solenoid it is pared with similar solenoid using only 

not necessary to align it precisely te one impact surface, even if that one 

eliminate side thrusts in plunger head impact surface be provided with a spot 


of hard metal 

(f) With 1/16" thick non-magnetic metal 

guides (1) between clunger head and coIL 

frame, the guides must wear 1/16" be- By impregnating the coil with the 
fore magnetic sticking and dragging sets best waterproof, oil-proof, and acid-proof 
in, whereas, without non-magnetic metal varnishes and baking it very carefully 
guides, only a few thousand'ths of an and adequately, all troubles from oils, 
inch combined wear of plunger head and cutting compounds, water and acids are 
frame are required te start magnetie automatically and completely eliminated 


With the introduction of this line, the Trombetta Solenoid Cor- 
poration is in a position to furnish any and all requirements in 
solenoids ranging from short stroke to long stroke and high speed 
solenoids for duty cycles up to 600 operations per minute. 


TROMBETTA SOLENOID CORP 


328 N. MILWAUKEE ST. MILWAUKEE, WISCONSIN 


U.S.A 
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aircraft time delay relay 


light... 
compact... 
hermetically- 
sealed 


© 2" x 24" x 4” 
© weight 1.2 lbs. 

¢ adj. range 30 mili- 
seconds to more than 


one minute 


© mass spectrometer 
tested to 80,000 feet 
ACTUAL SIZE 


Elastic Stop Nut Corporation 
of America 





1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 


Called “TOPS” By Every User! 


‘STILL-MAN ~ 


ELECTRIC TUBULAR 
HEATING ELEMENTS 


*& TOP PERFORMERS 
* TOP QUALITY 
* TOP WORKMANSHIP 
at LOW COST TO YOU! 


: 
= — 


Built for application wherever space 
long life, fast heat and high efficiency are factors 
in design 

Millions are now in use as standard equipment in 
America’s leading nationally advertised electrical 
appliances 

Available in copper, cold rolled steel and acid 
resisting steel! alloy in standard sheath diameters tor 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 
you! 











limitations, 


STILL-MAN MANUFACTURING CORP. 
431 EAST 164 ST., NEW YORK 56, N.Y. 
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MINIATURE 


SERIES 20 


Actual Size 


Contacts: 7 11, 14 
26, 34, 50 
Current rat ng 
2100V. RMS 


For 220 AWG wire 
amps. Voltage 


able in 12, 18, 24 or 34 contacts 

216 or 212 AWG wire or taper pin 
deriess wiring. Spring loaded 

pin contacts for quick release. Sup- 
plied with bayonet locking, standard 
guide pin and socket or coax contacts 


Connectow 


SERIES 1300 


‘ae a” \e 
4 ie 


Vy Actuol Size 


SERIES 


14 & 16 
° 


4 Actual 
Size 


Contacts: 12, 18, 24, 34. Spring loaded 
tacts and bayonet locks also available. 
Current rating: 10 and 25 Amps. Voltage: 
4700V. RMS 


HERMETIC SEAL 


C 


For high altitude applications. Plug con- 
tacts individually compression sealed in 
glass. Guide pin and guide socket, or 
polarizing screwlock available. Fits 
series 20 receptacies 


precision 


SERIES HC-20 


¥%, Actual Size 
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18, 29, 21, 


contacts for easy release. Coaxial con- 


SUB -MINIATURE 


Actyal Size 


7 CONTACTS 


SERIES 


MINIATURE AN 


One-piece molded inserts. Cur 
rent rating: 7.5 Amps. Vo 
tage: 3000V. RMS 


Our engineering department w be 
glad to design types to your exact 
specifications. Send us your require- 
ments for analysis 


SERIES HC 


¥, Actual Size 


Hexagonal hermetic plug has solid 
glass insert. For pressurized elec- 
tronic equipment. 4, 5, 7, 9 and 10 
contacts 


MICRO-MINIATURE 


SERIES 
MM-22 


—_—— — 


PRINTED CIRCUIT 


SERIES 
PC 


"achieved a reputation for 


excellence throughout the 
aircraft and electronics 
industries. The widest range 
of applications can be 

made from our standard line. 
For special requirements 
and technica! data sheets 

on these Connectors write 


_ Electronic Sales Division, 


DeJ UR-Amsco Corporation, 
45-01 Northern Blvd., 


~ Long Island City 1, N. Y. 


J 
, 





Design Electronic Controls for RELIABILITY IN SERVICE 
with Alden Components for PLUG-IN UNIT CONSTRUCTION 


Be sure your Engineers are working with the Alden Handbook of plug-in unit design. Presents 
complete line of basic components of tremendous flexibility for adapting your equipment to plug-in 
construction 


REQUEST FREE 250-PAGE “ALDEN HANDROOK” | 


= ’ 
f ‘ = YOUR 
- *& rt COMPLETED 
‘ 1 ‘ CIRCUITS 
4 We Je-i--" = FOR PLUG-IN 


PACKAGE OR 
CHASSIS 


Unitize your circuitry in compact vertical planes 
e using Alden Terminal Card Mounting System. 


ic rr 
Dy Fis iu + + + = 
JUMPER STRIP 
PREPUNCHED TER= MINIATURE Eliminates wiring CARD-MTG. 
MINAL MTG. CARD TERMINALS for common circuits SOCKETS 


You can use Alden Terminal Mounting Card with Alden Miniature Terminals, Jumper Scrip and 
Sockets staked to accommodate any circuitry making complete units ready for housing. 
Components snap into unique Alden Terminals, are held ready for soldering 


Te mount this vertical circuitry, ALDEN PLUG-IN PACKAGES AND 
e CHASSIS give tremendous variety with standard « p nts 4 SIZES: 


~ PLUG. iN 4 SIZES: 4 4 a " 


ie , G 9, 11 he a 

\ PACKAGE 7.9. ble. ' 
-*et]? _ ALDEN , 

eS. ot? @ y) BASIC CHASSIS 2 4 


Alden mponents p je standard plug-in or slide-in housings—with spares, your circuits become 





3 Give chassis easily traceable interconnects and 30-second 
* replacement with ALDEN SERVE-A-UNIT KIT 
GIVING YOU !) Chassis 


IT’S AS SIMPLE AS THIS Arrange Alden Side Rails ox 
with half turn of the wrist leads so beauti 
© suit cha Ide organized, accessible and idenuted that non-te 


Serve-A-Unit personnel can service 


Arrange Alde 
tors (4) in orderly 
Alden Lock Frame. Mount 
mating Alden Back Connec 
tors on your Chassis 





ALDEN BACK 
CONNECTORS 


os : 
| Accessible central check pont 
ads color coded and numbered 
Assign to each unit ALDEN SENSING ELEMENTS — to spot trouble instantly: 
> MINIATURE MINIATURE 
‘ NDICA I 
oO a LIGHT 


From Alden’s Line of Ready-made Compon- 
ents for Unitized Plug-in Unit Construction. 
= m | 





MINIATURE 
INDICATING 
FUSE HOLDER 





ELECTRICAL 


ULKA WIRING DEVICES 


Designed for Performance 
and Econ omy 


TERMINAL BLOCKS (Left}: Large line of 
molded, barrier pe. in varied sizes, materials, 
ew 


and terminals. “KLIPTITE" style [left 
bottom) with angled tabs made for AMP, self- 
locking wire terminals. 

TOGGLE SWITCHES (Below): Aircraft type, 
Single and Double Pole. Bakelite housing. Screw 
terminals or soldering lugs. One-hole mounting. 
DC, or AC up to 1600 cycles. 

POWER OUTLETS (Below, right): Smallest 
made for standard plug. Mounts from top or 
bottom of bracket. Soldering terminals or wire 


leads. Write for complete Catalog 











KOLKA ELECTRIC MFG. (0.. Inc. 


633-643 SO, FULTON AVE. * MOUNT VERNON, N. Y. 





Catalogs and Bulletins continued 


(U-103) Relays—Catalog C-7, 19 pp. 
includes telephone AN approved ser- 
ies, keying midget hermetically sealed 
relays and steppers, motor starters 
and contractors, timers, and sensitive 
relays in popular contact arrange- 
ments and coil ratings. Relay Sales, 
Inc., Box 186—W. Chicago, Ill. 


(U-104) Electrical, Electronic Hard- 
ware—Catalog S-57, 28 pp, contains 
specifications, schematic 
circuits and prices on jacks, plugs, 
switches, connectors, shielded jacks, 
cable assemblies, jack 


drawings, 


covers, 
adapters, jack strips. Switchcraft, Inc., 
1328 N. Halsted Street, Chicago 22, 
ill 


(U-105) Rotary Cam Limit Switch— 
Bulletin 1600 B, 8 pp, describes limit 
switch for mechanical presses. Danly 
Machine Specialties, Inc., 2100 S 
Laramie Ave., Chicago 50, Ill 


(U-106) Subminiature Connectors — 
Bulletin D-6, 8 pp, contains photo- 
graphs, dimensional data, soldering. 
mounting and shell deviations. Can- 
non Electric Co., Catalog Depart- 
ment, 3208 Humboldt St., Los An- 
geles 31, Calif. 


(U-107) Servo Motors and Genera- 
tors—Catalog 7, 16 pp, consists of 
charts, performance 
data, dimensional drawings, and com- 
plete specifications. G-M _ Laborato- 
ries Inc., 4300 N. Knox Ave., 
Chicago 41, Ill. 


characteristics 


(U-108) Gearmotors—Bulletin 1880, 
16 pp, shows comparative advantages 
of gearmotors, lists ratings from 1/3 
to 30 hp, with gear ratios as high as 
10:1. U. S. Electrical Motors, Inc., 
P.O. Box 2058, Los Angeles 54, 
Calif. 


(U-109) Printed Circuit Connectors 
Brochure, 12 pp. Contains diagrams 
and data on circuit receptacles de- 
signed for 1/16, 3/32, and 1/8 in 
printed circuit boards. DeJur-Amsco 
Corp., 45-01 Northern Blvd., Long 
Island City 1, N. Y 


(U-110) Fixed and Adjustable Re- 
sistors—Chart has data on rated 
wattage, maximum operating temper- 
ature, dimensions and approximate 
prices. International Resistance Com- 
pany, 401 N. Broad St., Philadelphia, 
Pennsylvania. 
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USE TIME-SAVING 
COUPONS BELOW 


- +. to request further information on 
all products advertised in this Digest Section 


- » » to request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- If you have specific questions to ask about any 
ning on page 15, when you want product advertised, a letter direct to the manu- 
Se a Page Ne facturer, at the address given in his advertise- 
Dy odleag In dus te meh yeene-0 ‘i all ment, will be welcome. For clarity and prompt 
advertisements in this Design Di- service, include reference to PRODUCT ENGI- 
gest Issue by manufacturers of NEERING’s Design Digest Issue, and page num- 


this type of product. ber of the advertisement prompting your letter. 


Circle these numbers for further information about Circle these numbers for further information about 
advertisers appearing in this section (1) advertisers appearing in this section (I) 


124 125-8 129 130 §31-4 135 136-7 138-9 140 124 125-8 129 130 131-4 135 136-7 138-9 
41 #42 #4306 «6144 (UMS “47 «4849 41 42 “3 44 MS M6 MT M8 
50 61510 IS2)si‘iSB—si=dSSACtts«éSS 1LS6 RSG 157 90 «151 40=s«sS2)—s—«‘<iSSsCiSAiti«iSSCCLSGCIRSG 
88 1159 IRSS 160 161 %IT62 IBG2 163 1164 158 1L59 IRSS 160 161 IT62 B62 163 
ITRG4IBRG4 IL6G §«6IRGG 167 IL68 IRGS 169 IT70 ITRG4IBRG4 IL6G IRGG 167 1168 IRGS 169 
1870 171 =6172—i<iTDsiTHCiTS—sLGsERRTG 177 1870 171 173 #174 «6975 ~—s AL76s ERT 
178 «6179 «680 «ET RSOIBRSO 181 182 183 1T84 178 «179 ITR8OIBRSO 181 182 183 
IBL84IBR84 185 IL86 IRSG 187 188 189 IBL84 IBRS4 1L86 IRSG 189 
ITR90 IBR9O 1T92 1B92 ITR90 IBR90 1T92 1B92 


Circle these numbers for your copy of bulletins Circle these numbers for your copy of bulletins 
listed in this section (1) listed in this section (1) 


ul U2 U4 Ul U4 
ui0 =O s« U1 u13 u10 u13 
u1lgs =—s-« U20 U22 u19 U22 
U28 8 U29 U31 U28 U31 
U37 —s_—«U38 u40 U37 U40 
U46 u4s U46 u49 
U55 U58 U55 U58 
U66 U63 U66 
u75 u75 
U84 U84 
U93 U393 
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NAME NAME 
COMPANY COMPANY 
BUSINESS ADDRESS BUSINESS ADDRESS 


CITY, STATE CITY, STATE 





NEW BOOKS 
Hydraulic & Pneumatic Equipment 





Trane Refrigeration Manual. 8! x 
11 in., 133 pp., paper-bound. Pub- 
lished by The Trane Co., La Crosse, 
Wisconsin. $1.50. 


This is a third edition revised to in- 
clude information on condenser 
fouling factors, motors and motor con- 
trol equipment, mufflers, single and 
multiple compressor piping arrange- 
ments, piping sizes, hanging and insu- 
lation. Tables have been added on 
thermostatic expansion valves. 

Explanations and descriptions of se- 
lecting installations and servicing of 
compressors, evaporators, condensers, 
cooling towers, heat exchangers, con- 
trols, refrigerants, and refrigerant pip- 
ing. A chapter on trouble analysis in 
table form lists the ten major opera- 
tion problems, their possible cause 
identified by symptom and a recom- 
mended course of action to correct the 
major operational fault. 


new 


Hydraulics Refresher by John D. 
Constance, P. E. Paper-bound. 11 x 
812 in., approx. 100 pp. Published 
by De Troy Press, Inc., Englewood, 
N. J. $3. 


a new, second edition of a 
home study aid for candidates for pro- 
fessional engineering licenses. It is rec- 
ommended for use in preparing for 
examinations for professional engineer, 
civil service engineering grades, power 
engineer. Present edition includes sec- 
tions on hydrodynamics, circular ori- 
fices, sharp-crested weirs, flow of liq- 
uids through pipes, water flow in open 
channels, centrifugal pumps and other 
hydraulic problems and solutions. 


This 's 


The Structure of Turbulent Shear 
Flow by A. A. Townsend, Emanuel 
College, Cambridge University. 51 
x 8 in., 315 pp. Published by Cam- 
bridge University Press, 32 E. 57 
St., New York 22, N. Y. $7.50. 


This is the first book to attempt a 
systematic and comprehensive discus- 
sion of all kinds of turbulent motion, 
and the first to provide an analysis of 
the processes which occur. Turbulent 


194 


motion is the most important and the 
least understood branch of fluid dy- 
namics. The theory has traditionally 
been regarded as an unsolved problem 
for over half a century; present know!- 
edge of the subject depends mainly on 
experimental studies during the last 
10 years, and these results are scattered 
through various technical journals and 
company reports. Dr. Townsend de- 
velops a unified view of the dynamics 
of turbulent flow and shows how the 
analysis of turbulent flow accounts 
qualitatively both for the mean motion 
and the turbulent motion in jet, wake 
channel, boundary layer and rotating 
cylinder flow. Application of the 
theory of turbulent shear flow may 
save many hours of component and 
assembly testing. 


Aircraft Hydraulics: Hydraulic 
Systems. Edited by H. G. Conway, 
Director and Chief Engineer, Short 
Brothers and Harland Ltd., Belfast. 
6 x 10 in., 144 pp. Published by 
Chapman & Hall Ltd., 37 Essex St., 
London, W. C. 2, about $4.50. 


This is the first volume of a series 
of textbooks sponsored by the Royal 
Aeronautical Society to meet the needs 
of students and engineers who have a 
background of general engineering or 
mathematical knowledge. Volume I is 
concerned with general problems of 
hydraulic systems: fluids, hydraulic 
theory from the standpoint of airplane 
systems, general system problems, cir- 
cuits, and installation and _ testing 
problems. Volume II, to be available 
shortly, will cover component design, 
servos and piping systems for hy- 
draulic applications. 

While much of the discussion is too 
elementary to be of much interest to 
the hydraulics engineer, it is all aimed 
at aircraft hydraulics and examples of 
circuits and components provide very 
practical information for the nonhy- 
draulic designer. The last two chapters 
on installation and test of these systems 
are the only ones of their kind in the 
text literature and offer excellent sug- 
gestions on testing rig design and pro- 
cedures of hydraulic systems. 


Hydraulic & Pneumatic Operation 
of Machines by H. C. Town. 6 x 9 
in., 191 pp. Published by Philo- 
sophical Library, Inc., 15 East 40th 
St., New York 16, N. Y. $7.50. 


British publications have been 
somewhat slower than their American 
counterparts in presenting reference 
and study texts on the growing appli- 
cation of fluid power to machine tools 
This volume is among the first to ap- 
pear here and in many ways is inter- 
esting on that score alone. 

Much of the material will be famil- 
iar to readers of the many technical 
journals and magazines available here 
Chapters on pumps, valves, motors, 
and accumulators are necessarily brief 
reviews and not intended to be exhaus- 
tive treatments of these components 

However, circuit design (both hy- 
draulic and pneumatic), press devel- 
opments, and oil-air systems used in 
England today may offer some inter- 
esting ideas to designers. 


Pump Selection and Application by 
Tyler G. Hicks. 6% x 91% in., 422 
pp. Published by the McGraw-Hill 
Book Co., Inc., 330 W. 42 St., New 
York 36, N. Y. $8.50. 


A guide to help engineers—in all 
fields using pumps—to get economy 
and efficiency from their installations 
Besides discussing the basic types of 
pumps and problems met in their ap- 
plication, the book devotes a chapter 
to the specific problems of each of a 
number of industries, including power- 
plant services, nuclear-energy applica- 
tions, petroleum, chemicals, food, pa- 
per, textiles, rubber, water supply, 
sewage, air conditioning, heating, irri- 
gation, flood control, mining, construc- 
tion, marine, hydraulic, iron, and steel 

Recognizing that the biggest prob- 
lem facing many engineers today is 
how to select and apply the best pump 
for a given set of conditions, the author 
supplies step-by-step procedures for 
analyzing a pumping problem, finding 
the most suitable commercial pump 
for a job, and applying the pump to 
the conditions encountered. Over 400 
illustrations add to the description. 
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Hydraulic 


and Pneumatic 


Equipment ~ 


ANALYSIS 


Pneumatic Transmission Line Frequency Response 


by R. P. Sandell and N. H. Ceag/ske 


Friction Characteristics for Hydraulic Seals 
by Robert W. Carlson 


Unevenly Underlapped Four-way Hydraulic Servo Valves 
by Tsun-Ying Feng 


High Vacuum Pumps 
by Z. Dobrowolski 


Pressure Losses in Flexible Metal Tubing 
by C. M. Daniels 


Composite Symbols for Fluid Power 


Centrifugal Pump Selection ELECTRICAL 
by /. J. Karassik and R. Carter AND ELECTRONIC 


Measuring Mass Flow COMPONENTS 


by George T. Gebhardt 


Effect of Back Pressure on Hydraulic Valves 


by J. J. Pippenger HYDRAULIC 


Tube Selection AND PNEUMATIC 
EQUIPMENT 





From: ISA Journal 


Pneumatic transmission line 


R. P. SANDELL Standard Oil Company of California 


N. H. CEAGLSKE University of Minnesota 


Dynamic response data about pneumatic trans- 
mission tubing is necessary for an analysis of 
control systems involving transmission of pneu- 
matic signals. This study extends the experimental 
data on five sizes of tubing and compares fre- 


quency response data with theoretical studies. 


Results show advantages of using larger tubing 
sizes for pneumatic signal transmission. 


AS ORMATION on the dynamic response of pneumatic trans- 
mission tubing is necessary for an analysis of control sys- 
tems involving pneumatic transmission of signals. The 
effect of different variables such as tubing length, end vol- 
ume, tubing diameter, operating pressure and operating 
pressure range, and temperature is important in the proper 
design of smoothly operating control systems. 

Experimental work has been done on various lengths of 
¥%4 in. OD tubing with various end volumes. However, no 
experimental work involving the frequency response of 
tubing of different diameters could be located. Experiments 
have shown the advantage of the larger tubing sizes by 
using transient response techniques. Additional experimen- 
tal work on pneumatic transmission has been done while 
comparing pneumatic and electronic control systems. 

A theoretical investigation of the amplitude reduction 
and phase lag of a sinusoidal pressure wave traveling 
through a tube have been made. Theories were derived 
from assumptions of incompressible and viscous flow and 
modified to include the effects of compressibility, finite 
pressure amplitudes, fluid acceleration, and finite tubing 
length. However, the equations used have the disadvantage 
of containing the friction factor. Consequently, some arbi- 
trary value of this quantity must be chosen before the 
equations can be used in this analysis. 

By making an analogy between voltage and pressure, 
the equations for the frequency response of an electrical 
transmission line containing distributed resistance and ca- 
pacitance may be used. To do this, it is necessary to obtain 
values of resistance and capacitance from the pneumatic 
line and substitute these quantities into the electrical equa- 
tions. However, because of the assumption of negligible 
inductance, the results obtained should only be valid at 
the lower frequencies and smaller sized tubing tested. 

EXPERIMENTAL PROCEDURE 

The apparatus, Fig. 1, consists of a pneumatic sine wave 
generator connected to 200 ft of tubing wound on a rack. 
A mercury manometer aids in reading static pressures. 
Pressure transducers are connected to the inlet and outlet 


j2 


ends of the tubing. The pressure transducers in turn are 
connected to the amplifiers which send the converted signal 
to a two channel recording oscillograph. 

The tubing was wound in a six by nine ft oval to elimi- 
nate unnecessary pressure drop caused by sharp bends. In 
addition, 50 ft sections of tubing were joined by using flush 
connectors to minimize the pressure drop across joints 
The tubing dimensions are listed below. 


inside Diameter 
6 0.123 
iY 0.186 
5 0.242 
0.311 
0.422 


Outside Diameter 


The pressure transducers connected to the pneumatic 
line terminals, have an accuracy of | per cent of full scale 
(20 psi) or better and a resolution of at least 0.1 per cen! 
of full scale. The recording oscillograph used has a uniform 
frequency response up to 30 cps. 

The experimental results were obtained by applying a 
sinusoidal input of the proper frequency and amplitude 
and recording the results. The propagation velocity was 
determined by measuring (recorded on oscillograph) the 
time interval for the initial part of a step input from the 
sine wave generator to be transmitted through the tubing 


RESULTS OF TESTS 
Test results are presented in Fig. 1 to 13, in graphical 
form. All of the experimental data are included as either 
attenuation-frequency or phase lag-frequency charts 


Fig. 1—Schematic diagram of experimental apparatus. 
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requency response : i 


Agreement between theory and experimental results is 
good, Fig. 2, for the small tubing and small input ampli- 
tude. However, calculations based on theory do not indi- 
cate any dependence of amplitude ratio on the input ampli- 
tude. Consequently, the calculated and experimental results 
show increasing deviation as the input amplitude increases 


rat 
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—— /beral/ theory 
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Fig. 2—Attenuation-frequency curves of test and theoretical 
data for 200 ft of “4¢ in. copper tubing at 30 psia. 


Fig. 3—Phase lag curves for 200 ft of *\,¢ in. tubing. 
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Table I—Propagation Velocities 
Through 200 ft of Tubing 





Size OD-in Velocity ft s 


1100 





Sonic velocity—1131 ft/sec 
960 ft/sec 


As tubing diameter increases, Fig. 4, 6, 8, and 10, the 
electrical analogy theory becomes more in error with re- 
spect to amplitude ratio and is not satisfactory for the 
¥% in. tubing. However, the theory gives a rough approxi- 
mation of the results for small input amplitudes (about 
+0.5 psi) for all of the tubing sizes tested, providing a 


20 psio 


— xp doto 
—-—/berd theory 
--- Electrical onology 


+ 





Frequency -cps 


Fig. 4—Attenuation-frequency curves of test and theoretical 
data for 200 ft of ‘4 in. copper tubing at 20 and 30 psia. 


ig. 5—Phase lag curves for 200 ft of ‘4 in. tubing. 
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Fig. 6—Attenuation-frequency curves of test and theoretical 
data for 200 ft of 4» in. copper tubing at 30 psia. 
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Fig. 7—Phase lag curves for 200 ft of 4, in. tubing. 


frequency of 1 cps is not exceeded. Calculations predict 
phase lags which are less than those measured. 

When using % in. tubing at 30 psia, a small cyclic varia- 
tion of amplitude ratio is discernable at the higher fre- 
quencies. This cyclic effect increases with the larger tubing 
sizes and is very pronounced with the 2 in. tubing. Appar- 
ently the cyclic effect is caused by a reflection of the 
pressure wave Off the tubing ends, with a resulting reso- 
nance effect at the proper frequencies. By using elementary 
sound wave theory, the resonance frequencies may be cal- 
culated. These calculated frequencies were compared to 
the resonance and null points encountered when using the 
Y% in. tubing. In each case, the calculated frequency is 
about 5 per cent higher than the experimental response 
point, probably a result of choosing a propagation velocity 
slightly too high for the calculated values. 

The effect of operating pressure was checked with the 
% in. tubing, Fig. 4. The amplitude ratio increases by a 
factor of about 1.4 as the pressure is raised from 20 to 30 
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Fig. 8—Attenuation-frequency curves of test and theoretical 
data for 200 ft of % in. copper tubing at 30 psia. 
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Fig. 9—Phase lag curves for 200 ft of % in. tubing. 


psia, which is in agreement with the results of published 
theoretical work. Figs. 5 and 12 show that the experimental 
results for the amplitude ratio and phase lag of the “% in 
tubing also agree favorably with theoretical data 

When designing a pneumatic system it may be conven- 
ient to replace the distributed system with a first order sys- 
tem. This may be done quite accurately, Fig. 13, with the 
46 in. tubing up to at least 10 cps. However, with tubing 
larger than “ge in., this method will give very poor results 
except at the very low frequencies. Since the phase lag of 
the distributed system can approach infinity while a first 
order system has a maximum lag of 90 deg, this method 
should not be used to determine the phase lag. 

The results indicate that there is some decrease in the 
propagation velocity in the smaller tubing, Table I, due to 
frictional effects. In the largest tubing the velocity is within 
experimental error of the adiabatic sonic velocity. All 
values are above the isothermal sonic velocity indicating 
that the transmission process is very close to adiabatic. 
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10—Attenuation-frequency curves of test and theoretical 
for 200 ft of 2 in. copper tubing at 30 psia. 
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Fig. 11—Phase lag curves for 200 ft of 42 in. tubing 


TEST VARIATIONS 

In the attenuation-frequency curves, the experimental 
data were reproducible within about 7 per cent or better 
except at the very amplitude ratios. This slightly 
greater scatter of points was caused by the difficulty of 
reading the recording oscillograph chart. 

Phase lag data were also reproducible within about 7 per 
cent. Since the phase lag is essentially independent of input 
amplitude or pressure over the range tested, the greatest 
error in this determination was probably introduced by the 
difficulty involved in accurately reading instruments. 

The experimental results attest to the advantage of using 
larger tubing sizes. For example, when using 200 ft of % 
in. tubing there is almost no loss of amplitude, even at 
frequencies approaching 10 The output amplitude 
shows a cyclic variation with frequency which should be 


low 


cps 
taken into account when designing a system 
By far the greatest advantage of the larger tubing sizes 


is the partial elimination of amplitude reduction. The larger 
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g. 12—Comparison of experimental data for 200 ft of ‘4 in. 


copper tubing with results of theoretical calculations. 
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13—Experimental data for 200 ft %,_ in. 


tubing also shows some tendency to reduce the phase lag, 
although not too much difference can be noted in this 
respect between the different tubing sizes 

The experimental results can be approximated at the 
lower frequencies by use of equations for an electrical cir- 
cuit involving distributed resistance and capacitance. This 
type of analogy works well with the small tubing but shows 
increasing deviation from the experimental results as the 
tubing diameter increases. 

The results can be approximated but show only approxi 
mate agreement at the lower frequencies. At the higher 
frequencies or when using large input amplitudes, it ap 
pears that experimental data are still necessary for accuracy 
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Friction characteristics for hydraulic seals 


ROBERT W. CARLSON, i 


vice-president, Minnesota Rubber and Gasket Co. 


F ot R-LIPPED seal, called a Quad Ring,* was developed to replace 
standard O-ring packings and gaskets where: (1) packings have a 
tendency toward spiral twist; (2) pressures are less than 8 psi; (3) pres- 
sures are too high for effective sealing with O-rings; (4) lubrication is 
difficult; and (5) friction must be kept to a minimum. 

The curves below compare the break-away load and drag load of 
the two types of seals when used on a valve annulus with 75 per cent 
reaction area and piston and cylinder parameters as shown in table. 














*Reg. U. S. Pat. Off. 
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Unevenly underlapped 
four-way servo valves 


TSUN-YING FENG, Research Engineer, Aeronautical Division. Minneapolis-Honeywell Regulator Co. 


Tue two most important characteristic quantities of an 
unevenly underlapped, four-way valve are valve gain, and 
valve conductance. The derivation is based on the small 
perturbation method. The validity of using the perturba- 
tion method is verified by the over-all valve characteristic 
curves. Valve gain and valve conductance are compared 
between unevenly underlapped valves and evenly under- 
lapped valves, the result of standby power loss calculation 
is also plotted. 


VALVE GAIN AND CONDUCTANCE 

A schematic drawing of an unevenly underlapped, four- 
way valve is shown in Fig. 1. The graphical method, Fig. 2, 
is used to construct characteristic valve curves. The term k 
is defined as a valve underlap parameter which is the ratio 
of the underlap amount of the return side of a four-way 
valve to the underlap amount of its pressure side with the 
valve centered (x == 0). Once a valve is made, k is a fixed 
number and independent of the valve displacement during 
operation. Study is concentrated on the value of k varying 
between zero and unity. However, k is extended to the 
value of two only for the study of its effect on dimension- 
less valve gain and dimensionless valve conductance. Valve 
gain is defined as the incremental change of the volume 
flow rate to the motor due to the incremental change of 
the valve position when the pressure drop across the motor 
is unchanged. Valve conductance is defined as the incre- 
mental change of the volume flow rate to the motor due to 
the incremental change of the pressure drop across the 
motor when the valve position is unchanged. By consider- 
ing small changes when the valve spool is perturbed, it 
can be shown that the flow rate is: 

AQ mn K,’ AX — ¢,' AP,, 


Fig. 1—Schematic drawing of an unevenly underlapped 
four-way valve-controlled servomotor. 
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VALIDITY AND LIMITS 
OF THE SMALL PERTURBATION METHOD 

The characteristic curves of the unevenly underlapped 
four-way valves, Figs. 3 to 5, show that the vertical and 
horizontal intervals between the curves are nearly uniform 
within 80 per cent of the total valve displacement. There- 
fore, valve gain and valve conductance are almost constant 
through a wide range of valve displacement for the values 
of k between 0.25 and 1.0, if the small perturbation method 
is applicable in that region. 

The nonlinear valve characteristic becomes apparent as 
k reaches the value zero, Fig. 6, therefore, the small per 
turbation method cannot justifiably be used to derive k,’ 
and c,’ where k <0.25. 


EVENLY VS UNEVENLY UNDERLAPPED VALVE 


For comparison, valve gain and the valve conductance 
are both nondimensionalized as follows 


K, = 


Fig. 2—Sketch showing graphical method of constructing the 
unevenly underlapped four-way valve characteristic curves. 








200 400 600 800 1,000 


P,, Load pressure , psi 


Fig. 3—Flow-pressure characteristic curve of an unevenly 
underlapped four-way valve for k—0.25. 


Fig. 7 and 8 show that the valve increases in conductance 
more than it decreases in gain as k decreases from unity. 
The extended portions of both curves for k >1.0 show that 
the control valve will benefit very little in conductance. An 
appreciable reduction in standby power loss, Fig. 9, is 
noted with an unevenly underlapped valve. 


VALVE TOGGLING ACTION 


Valve toggling action occurs when a steady-state flow 
force produced on the valve spool due to the valve dis- 
placement is in the same direction as the valve displace- 
ment. It is created by a negative Bernoulli spring rate and 
is strongly felt when one pushes an evenly underlapped 
four-way valve which has the motor lines blocked. This 
unstable condition is completely eliminated in an unevenly 
underlapped, four-way control valve. 

This shows the possibilities of using an unevenly under- 
lapped four-way valve to control high-performance hy- 
draulic servomechanisms. Its merit is to provide equivalent 
damping with decreased standby power loss as compared 
with an evenly underlapped four-way valve. 


SAMPLE PROBLEM TO SELECT k 
The differential equation of the valve-actuator can be 
obtained by combining equations for the flow joining the 
valve and servomotor and the dynamic equation of the 
mechanical system outside the servomotor. 


Fig. 7—Dimensionless valve conductance 
C,; vs valve underlap parameter k. 


200 400 600 800 1,000 
Pm Load pressure , Psi 
Fig. 4—Flow-pressure characteristic curve of an unevenly 
underlapped four-way valve for k—0.5. 


1A, AX k'y + kD) AL 
26 + A,? 

The left side of the equation is the characteristic equa- 
tion of the dynamic system. If the external load is not a 
time-varying function, the control system will have two 
possible dynamic characteristics: Namely (excluding the 
case {, < 0). 

(1) {, < 1.0, underdamped system. The damping ratio and 
the natural frequency of the uncontrolled servomotor are 


(2) {> 1.0 overdamped system. Two time constants are 


l+\y! 


Consider a control system which requires a servomotor 
to drive a mass weighing 40 Ib with maximum steady-state 
velocity 12 in. per sec and maximum acceleration 1200 in 
per sec at zero velocity within a nine-in. stroke. The ex- 


r 
| 
| 


Fig. 8—Dimensionless valve gain K, vs Fig. 9% — Nondi i lized standby 
valve underlap parameter k. 





power loss vs valve underlap parameter k. 
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Qm Motor flow, in'/sec 


400 600 1,000 


P.. , Load pressure psi 


Fig. 5—Flow-pressure characteristic curve of an unevenly 
underlapped four-way valve for k—1.0. 


ternal load of 125 Ib is always in opposition to the direction 
of ram motion. The supply pressure from pump is main- 
tained at a constant value of 950 psig. The specification 
requires a damping ratio 0.7 and standby power loss is not 
allowed to exceed 0.3 horsepower. The viscous damping 
coefficient of load mass plus servomotor determined by 
experiment is 2 lb-sec per in. 
The ram area can be calculated by the following equa- 
tion: 
> d 
P, A, = Ma, 
40 
386 x 1200 + 125 ; 
—— sc 0.26 in.? 


A commercially available hydraulic cylinder has a ram 
area 0.28 in.?. 

The maximum steady-state pressure drop across the ram 
is 
b dy 
dL; 


12 X 2 + 125 


P,, a 


r Po 


7 Oa 532 Ib./in.? 


For (, == 0.7, ko’ must be 2.07 10% in.5/sec-Ib. The 
following data is tabulated for comparison. 





Valve dis- 
placement 
beyond 
kU HP underlap 
region (in. 


0.0036 


0.0036 0.563 


0.0060 in. 


0.0030 | 0.0015 | 0.307 | 0.0064 in 


0.0020 0.0005 0.117 0.0074 in 


Probably K=0.5 is a compromise valve for designers 
to choose for (1) ease of machining; (2) lower ram thres- 
hold friction; (3) smaller loss in valve gain; and (4) less 
valve displacement beyond the underlap region as compared 
to those for K=0.25. The control system has damping 
equivalent to the case for K=1.0 with the standby power 
loss reduced by approximately 45.5 per cent. 
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Fig. 6—Flow-pressure characteristic curve of an unevenly 
underlapped four-way valve for k—0. 


The natural frequency of the servometer is: 
The natural frequency of the servomotor is 
0.00207 2 
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NOMENCLATURE 


area of valve metering orifice, in.” 


ram area, in? 

nondimensionalized valve conductance O/C) 
conductance of capillary resistance across the ram, in.®/Ib-se« 
orifice discharge coefficient 

time derivative 

standby power loss of an evenly underlapped four-way valve 
nondimensionalized standby power loss = HP’ /HP 
nondimensionalized valve sensitivity hy" /ky 

external load, ld 

load mass, |b-sec /in 

exhaust pressure, psi 

load pressure, psi 

supply pressure, psi 

volume rate of flow through the valve metering orifice, in.* 
motor flow rate, in.’ /sec 

valve underlap, in 

valve port width, in 

valve displacement, in 

external viscous damping factor, |b-sec/in 

valve conductance, in.*/lb-sec (closely allied to damping 
subscript denotes initial condition 

valve underlap parameter 

valve gain, in.?/sec (closely allied with a system’s loop gain 
c + Ca) in! /Ib-sec 

0.5 (ke + Vi/B) in®/ib 

time, sec 

position of ram, in 

bulk modulus of hydraulic fluid, Ib/in?* 

prefix denotes a small change 

fluid volume between ram and valve at left side of ran 
fluid volume between ram and valve at right side of ram 
prime pertains to an unevenly underlapped four-way valve 
natural frequency of servomotor, radians per second 
damping ratio of servomotor 

fluid density, Ib-sec* /in.* 

steady state 


> i me * 
os - - 
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High vacuum pumps 


yp DOBROWOLSKI, Kinney Mfg. Div., N. Y. Air Brake Co. 


To keep pace with high-vacuum production cycles pumping equip- 


ment has been modified, specifications tightened. 


A vacuum pump is a low-pressure 
gas compressor installed to handle a 
mass flow of gas at a pre-determined 
operating pressure. Therefore, at this 
pressure it must have dependable 
pumping speed to move the required 
mass flow for the process involved. 
Vacuum processing cycles are rapid. 
With short cycles, the vacuum pump 
must have a quick recovery time, to 
draw the system down rapidly from 
atmospheric to operating pressure. 
Process vacuum pumping equip- 
ment varies considerably. The highest 
vacuum processes use high-speed oil 
and mercury diffusion pumps. For ap- 
plications in the one micron (0.001 
mm Hg) pressure range, such as 
evacuation of radio receiving tubes 
and chambers for vacuum metallurgy, 
processors use compound oil-sealed 
rotary vacuum pumps. Where neces- 
sary, a refrigerated trap is used to 


prevent vapor from working back into 
the vacuum pumping system. 

For the range from 0.1 micron 
(10+ mm Hg) to several mm Hg a 
mechanical booster pump, backed by 
a single-stage oil-sealed pump with in- 
terstage cooling and high-vacuum 
traps is used. In this pressure range it 
produces top volumetric efficiency and 
handles the greatest volume per unit 
total equipment and operating cost. 

Repetitive operations in the range 
from a few microns to several hun- 
dred microns, such as dessication of 
organic materials, are handled by 
single-stage oil-sealed rotary vacuum 
pumps with appropriate refrigerated 
vapor traps. These units pump down 
rapidly and handle water and other 
condensible vapors at high speed. 

For coarse vacuum processes, sin- 
gle-stage oil-sealed rotary pumps are 
used without refrigerated traps. 


PUMP SELECTION 

Operating pressure must be con- 
sidered first when choosing between 
mechanical pumps, mechanical pumps 
with refrigerated traps and mechanical 
pumps backing diffusion pumps. Pres- 
sure ranges available with each of 
these combinations actually overlap 
considerably so that other factors may 
determine final choice. Pressure, how- 
ever, is the first consideration. 

(1) Down to 50 microns (0.05 mm 
Hg) — single-stage, oil-sealed rotary 
pump. Refrigerated traps are used 
only if evolution of water or other 
objectional vapor is high. 

(2) From 50 to 10 microns (0.05 to 
0.01 mm Hg) total pressure, including 
permanent gas plus vapor, use single- 
stage or compound oil-sealed pump 
plus a refrigerated trap. The trap is 
needed particularly if high efficiency 
is required near the 10-micron limit 

(3) From 10 to % micron (0.01 to 
0.0005 mm Hg) the choice is a com- 
pound oil-sealed pump with refriger- 
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ated traps or a single-stage pump 
backing a diffusion pump. The latter 
is chosen if large amounts of gas are 
expected to evolve continuously in the 
low pressure range. The former is 
used if only a small amount of gas is 
evolved after pump down, but fre- 
quent pump down is required. 

(4) From 1000 to 0.1 microns (1 to 
0.0001 mm Hg) the combination of 
mechanical booster and backing pump 
is used. This unit can have an in- 
terstage refrigerated condenser. If 
extreme freedom from vapor contami- 
nation is necessary, a liquid-nitrogen- 
cooled vapor trap can be provided at 
the high vacuum inlet. 

(5) Pressures below 0.001 micron 
(10-77 mm Hg) are attained with a dif- 
fusion pump backed by a single-stage 
mechanical pump. A refrigerated trap 
may be used on the high vacuum side 
of the diffusion pump. Such a trap 
may be used also between the diffu- 
sion pump and the mechanical pump, 
if considerable vapor is expected to 
evolve. Also, it will prevent contami- 
nation of the backing pump oil by 
vapor from diffusion pump. 

For very large diffusion pumps, 
operating on high speed systems, ex- 
cellent fore-vacuum pumping speed 
and rapid draw down can be pro- 
vided by the mechanical booster and 
backing pump combination. 


ROTARY MECHANICAL PUMP 

Oil-sealed vacuum pumps, 
are usually vane or rotary-piston type 
The vane-type pump is available in 
sizes under 40 cfm, although a few 
manufacturers build this type in larger 
sizes. The rotary piston pump is avail- 
able in a wider range of capacities. 

Mechanical _ positive-displacement 
booster pumps are used as the high 
vacuum stage in the low-pressure 
range where single-stage oil-sealed 
rotary vacuum pumps have extremely 
poor volumetric efficiency. 


rotary 


OPERATING CONDITIONS 


In the operation of mechanical vac- 
uum pumps the gas or vapor being 
pumped has a profound effect on the 
choice of equipment. The types of 
gases encountered are classified into 
three broad categories: 

(1) Fixed or permanent gases only. 

(2) Mixture of gases and conden- 

sible vapors. 

(3) Mainly condensible vapors. 

With condensible vapors there is the 
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Rotary 
mechanical 
pump 








possibility of contaminating the sealing 
oil in the pump. Unless precautions are 
taken to avoid such contamination, 
the pump must be shut down peri- 
odically to change oil in order to main- 
tain desired pumping characteristics. 
Many producton schedules today can- 
not tolerate interruptions. 

In the case of a dry system there is 
no serious contamination problem. 
The other gases and vapors present 
more complex contamination prob- 
lems, however, these can be solved 
satisfactorily by vapor traps. 

Solutions to contamination problems 
vary with the quantity and type of 
vapors, pressure, temperature and 
cycle time. Some of the available 
methods are gas ballasting, air strip- 
ping of the oil, liberation of the vapors 
under vacuum in the air-oil separator 
tank, heating the separator tank, con- 
tinuous filtration, trapping of the va- 
pors ahead of the pump by water- 
cooled condensers or refrigerated traps 
and draining of condensate from the 
mechanical pump sealing oil. 
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DIFFUSION PUMP 

Oil diffusion pumps were developed 
to satisfy the need for greater pumping 
speed and lower vapor pressures than 
could be obtained with mercury dif- 
fusion pumps. With these pumps there 
was difficulty in providing the quality 
of fore-vacuum required for satisfac- 
tory operation. Newer oil diffusion 
pumps are free of this shortcoming. 

Mercury diffusion pumps have been 
improved with jet designs that permit 
handling extremely large quantities of 
gas at high operating speeds. 

Pumping speed of a diffusion pump, 
whether mercury or oil, is practically 
independent of the fore-pressure, pro 
vided gas flow and sysiem pressure are 
sufficiently low. In effect, the jet of a 
diffusion pump acts somewhat like an 
aspirator, but the molecular mecha- 
nism involved is different. 

The pumping area of a diffusion 
pump acts like a somewhat imperfect 
hole into a region of nearly absolute 
vacuum or zero pressure. An actual 
hole into a region of zero pressure 
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would admit all molecules incident 
upon it. In a well-designed diffusion 
pump only about 1/3 of the air mole- 
cules incident upon it pass through 
to the fore-vacuum. The remainder are 
deflected into the high vacuum side. 

To arrive at a fairly reliable speed 
for a working pressure range, the an- 
nular pumping area can be considered 
equivalent to a hole into the zero 
pressure region that is approximately 
one-third as large as the actual annular 
pumping area. Such a pump is said to 
have a “Ho” rating of 33 per cent. 

If the flow of gas through the dif- 
fusion pump increases, the fore-vac- 
uum pressure rises steadily. At some 
point, it becomes sufficiently high to 
deflect the molecules before they can 
traverse the jet area, forcing them 
from directed motion into the normal 
random motion of molecules. 

With this partial breakdown of jet 
action, the air molecules start to dif- 
fuse backward from the fore-vacuum 
to the high-vacuum side. As the flow 
of air back into the system increases 
the jet “blows up” rapidly. Pumping 
speed of the diffusion pump drops off 
from full value to practically zero. 

In older oil-diffusion pumps, this 
blocking effect occurred in the range 
from 10 to 30 microns fore-pressure. 
Present-day oil-diffusion pumps block 
at a considerably higher fore-pressure. 
For the more usual types, this is at 
the 100-micron level and much higher 
for special booster pumps using special 
synthetic liquids and high heat input. 


TANDEM SYSTEMS 

In systems with both diffusion and 
mechanical pumps, it is necessary to 
recognize the different functions of 
each. 

First, the diffusion pump will not 
begin to function until the fore-vacuum 
created by the mechanical pump is 
below the blocking pressure of the dif- 
fusion pump. Until the blocking pres- 
sure is reached, the rate of pump down 
is determined entirely by the mechan- 
ical pumps. After the pressure has 
dropped below the blocking pressure, 
diffusion pumping speed rises rapidly 
to the maximum value. It remains at 
approximately that value, no matter 
how low the fore-vacuum may ulti- 
mately become. 


REFERENCE: 

“High Vacuum Pumps” by Z. Do- 
browolski, Kinney Mfg. Civ., N. Y. Air 
Brake Co. Published in Chemical Engi- 
neering, September 1956, pp 181-184. 
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pump. 





Auxiliary Equipment 


The convenience and operating economy of a vacuum system depends 
upon the accessories and auxiliaries which are included with the system. 
In particular, items to note are: 


e Vacuum-tight valves in sufficient numbers to isolate and bypass 
portions of the system. 


e Flanged connections with O-ring seals wherever feasible to facilitate 
servicing and leak hunting. 


e Gage connections directly at the mechanical pump, on the pumping 
line beyond the shut-off valve, and at any other points which can be 
isolated by closing valves 


e Sensitive ionization gages for measuring total pressures less than one 
micron in high-vacuum systems. 


e Adequate refrigerated traps, either for systems requiring mechanical 
pump only or for systems with diffusion pump backed by a mechanical 








Table I—High-Vacuum Equipment in Industrial Processing 





Process 


Vacuum metallurgy 


Degassing 
Casting 
Distilling 
Brazing 


Electronics 
Evacuation of tubes 
Degassing of com- 

ponents 
Metallizing 
Gettering 


Metallizing 
Continuous films 
Plastics 
Fabrics 
Decorative finishes 


Optical films 


Vacuum drying 


Vacuum distillation 


Vacuum impregnation 


Particle accelerators 


10-* — 10°* 


Equipment Used, Alone or Combined 


Mechanical pumps, mechanical boosters, diffu 
sion pump boosters, oil ejectors, steam ejectors: 


diffusion pumps. 


Mechanical pumps, diffusion pumps, cold trars 


Mechanical pumps, mechanical boosters, diffu- 


sion pump boosters, diffusion pumps. 


Mechanica] pumps, diffusion pumps, cold traps; 


Mechanical pumps, mechanical 
traps, diffusion pump boosters. 


boosters, cold 


Mechanical pumps, diffusion pumps, cold traps. 
Mechanical pumps, cold traps. 


Mechanical pumps, mercury (or oil) diffusica 
pumps, cold traps. 
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HYDRAULIC AND PNEUMATIC EQUIPMENT (3) 


— 


Pressure losses in 
flexible metal tubing 


L ARGE flexible metal tubing such as 
that shown in Fig. 1 is commonly used 
to compensate for thermal expansion 
and misalignment and to allow swivel 
or angular movement between two 
rigidly installed hydraulic lines. Also, 
flexible metal tubing offers a quick 
and convenient method of connecting 
two separate hydraulic systems in a 
semi-permanent manner without need 
for special fittings. 

To supplement the few data avail- 
able that deal with pressure loss 
through flexible metal tubing at high 
Reynolds numbers, results are here 
presented that were derived in a test 
program conducted to obtain such 
pressure loss information. The con- 
figuration and dimensions are shown 
in Fig. 1 of four of the five hose sizes 
and types that were calibrated with 
water during the investigation. 

As is usual with pressure loss test 
data for tubing, pipe, valves. and fit- 
tings, the results on similar items vary 
considerably among investigators. This 
variation results from differences in 
test setups, pressure tap locations, 
geometry of the test specimens, and 
instrumentation. Thus the data given 
here should be used only as a guide to 
the order of magnitude of the losses 
that may be encountered. Consider- 
able additional test data are required 
by an engineer before any attempt can 
be made at predicting losses accu- 
rately for flexible metal tubing. 

















C. M. DANIELS, 


North American Aviation, Inc 


Friction coefficients and pressure loss data for corrugated flexible hose of 
annular and helical types at high flow rates (Reynolds Number 2 x 10°). 
Pressure loss characteristics as determined by calibration with water are 


given for a standard weight pipe and five different flexible hose sections. 

















Size and Type 8 





Annular 0.213 0.150 0.303 





Helical! 0.264 0.207 0.332 


— — 4 








Annulor 0.338 0.236 0.424 





fp + 


3/2 in. Annular 0.185 0.163 














0.280 0.046 | 0.022 
Se cpm TReatlihateele: 





Fig. 1—Geometry and important dimensions of four test hoses. 
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Typical Titeflex hose with braid. 


Cutaway of flex hose section. 
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Pressure losses in flexible metal tubing (continued) 








+ 


« * Soo Ooo 
f 
} 


217. 1.0 4 
| | | aes es } (annular type) @- 
é 


’ 
md 
wt 


helical type )* t 


8 2 in. 1.0. J 
@ (helical type) a 


Zin. 1.0 
(annular type) Y 


£ 
= 
o 
c 
av 
J 
S 
3 
u 
a 
a 


} 12 
3% in. 1.0 —— 
(annulor type) 4 


{ i 


Pressure Drop, p 





3% std w2ght pipé 
(3.543 in.1.0.) ~ 


: 








L ao 4 


O , on wee ~~ 100 
Flow Rote, GPM of Woter 
Fig. 2—Pressure loss through unsleeved flexible metal hose and 312 in. standard weight pipe. 
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Fig. 3—Friction factors as calculated from Weisbach-Darcy equation for annular type flexible metal hose. 





SYMBOLS 


- total pressure drop, psf 
coefficient of friction 
length of pipe, ft 
inside dia of pipe, ft 
density, lb/ft* 
velocity, ft/sec 
acceleration due to gravity, 32.2 ft 
sec? 
absolute roughness, or effective 
height of pipe wall surface irregu- 
larities, ft 





Pressure loss versus flow rate for 
the test hoses are given in Fig. 2. Loss 
through a Schedule 40 steel pipe is 
also given for comparison. Generally, 
the loss through a given size hose is 
seven to fifteen times greater than 
that in the comparable size Schedule 
40 steel pipe. 

Using the Weisbach-Darcy equation 
for frictional pressure loss, 


L pv 1) 


4P=fp 35 


friction coefficients were calculated 
for the annular type hoses and plotted 
in Fig. 3. Note that the friction co- 
efficient decreases with increased line 
size. This is consistent with conven- 
tional pipe and tubing behavior. 
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Roughness Factor 


Hose Size and Type 


in. Annulor 0.0728 


2 in. Helical 0.0820 


3 in. Annular 0.0715 


3'2 in. Annulor 0.0400 


OP Flex Hose* Friction® 
AP Schedule 40 Coefficient 


*@ 1000 GPM of woter 


The high pressure drops encoun- 
tered in the flexible metal tubing tests 
can probably be attributed to the high 
Reynolds Number and the pipe rough- 
ness, the convolutions acting much the 
same as a very rough wall. Normally 
the term « in the roughness factor «/ D 
is the effective height of protuberances 
within the nominal tube ID; the con- 
volutions do not extend within the 
tube ID and therefore do not rigor- 
ously follow the roughness factor cri- 
terion. Above table lists roughness 
factor, friction coefficient, and the 
ratio of flex hose pressure loss to the 
Schedule 40 steel pipe pressure loss 
for the test hoses. 

The effect of the convolutions on 
the flow pattern is not known accu- 
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rately but from the comparative data 
on the 2 in. hoses, it can be seen that 
the helical type has a lower pressure 
loss in spite of a higher roughness fac- 
tor than the annular type. Swirling 
flow in the helical convolutions may 
have, in effect, added to the flow area 
of the helical type hose. 

It can be seen from Fig. 3 that the 
friction coefficients, f, are fairly con 
stant with Reynolds Number, R, 
In the ASME Transactions, Novem- 
ber, 1944, page 671, L. F. Moody 
confirmed the fact that at some Rey- 
nolds Number for each relative rough- 
ness, the friction coefficient ceases to 
vary with R,, and becomes a constant. 
A similar behavior is also found in 
venturimeters and long-radius nozzles. 
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From: Literature Survey 


Composite symbols 


Si ANDARD graphical symbols used for fluid power diagrams 
meet circuit diagram requirements of design, fabrication, 
sales and service. The proposed American Standard Graph- 
ical Symbols for Fluid Power Diagrams, ASAY32, spon- 
sored by AIEE and ASME, lists symbols for all standard 
components. The composite diagrams illustrated show the 
use Of standard symbols in typical application. The JIC 
Hydraulic Standards for Industrial Equipment, Revised, 
January 1953, are identical to and applied in the same 
manner as proposed American Standards ASAY32. 





| SOL PLT 
DET 



































(Complete symbol ) 


Iwo position, five connection, solenoid control, pilot operated 
with exhaust. Shown are the simplified and complete symbols. 
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Multiple, three position, manual direction control, with integral 
check and relief valves for fluid transmission control. 
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for fluid power 


PLT 
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Panel mounted separate units furnished as a package (relief, 
two 4-way, two check and flow-rate control valves). 
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rr 
= 
Stennett 

















wy w 
Variable displacement with integral replenishing pump, relief 
valves, and solenoid operated control valves. 


[-+--------- 


REFERENCE: 
Proposed American Standard, Graphical Symbols for Fluid 
Power Diagrams, ASAY32. Published by ASME, Dec. 1956. 
JIC Hydraulic Standards for Industrial Equipment, Revised, 
January 1953. Published by JIC, Feb. 1955. 
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From: Power and Fluids 


HYDRAULIC AND PNEUMATIC EQUIPMENT (3) 


Centrifugal pump selection . . . 


. +. requires a consideration of all factors pertinent to an application. 


Factors include: number of units; liquid to be pumped, capacity; 


discharge conditions, total head; driver type, space and weight. 


I. J. KARASSIK 
R. CARTER 


Worthington Corporation 


Number of Units needed for an ap- 
plication is affected by reliability con- 
siderations, the size of units available, 
the range of capacity demand for the 
installation and, by 
available driver sizes or limitations. 

In some installations, standby pumps 
are necessary to avoid interruption of 


such factors as 


service or reduction in capacity if one 
or more units are Out of service for 
maintenance. In severe services where 
pump life is short, standby units are 
also provided so a second unit can 
be put to work whenever necessary. 

The load factor, or range in ca- 
pacity demand and duration, generally 
influences the choice between a single 
full capacity pump or several pumps 
in parallel to meet maximum demands. 
When the demand is more or less 
constant, it is best to select a pump 
for full capacity (or slightly more if 
a reserve is desired). For a fluctuat- 
ing demand, two or more pumps oper- 
ating in parallel for maximum demand 
may be used. Thus, during periods 
of light demands, one or more pumps 
can be taken out of service, resulting 
in more economical operation because 
the remaining pumps share the load 
at a more efficient capacity. 


Nature of Liquid Pumped determines 
type of pumps suitable and available 
for the service. The widest type range 
available is for water service. Even 
for that service, type choice depends 
on individual characteristics of the 
water to be pumped. 

The nature of the liquid can affect 
mechanical construction. For example, 
if the pump is to handle a highly 
corrosive liquid, not only will it have 
to be corrosion-resistant, but leakage 
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of liquid through stuffing box out to 
the surroundings must be avoided. 

Liquid temperature also is impor- 
tant. The standard line of general 
service pumps has definite tempera- 
ture limitations. Higher temperatures 
immediately predicate the necessity of 
special materials, water cooled stuffing 
boxes or special mechanical features 
such as centerline support of the cas- 
ing. Also, extremely low temperatures, 
such as in refrigerating brine service, 
require use of alloy irons or steel cas- 
ings to provide adequate impact re- 
sistance at stress points. 

If the liquid is water, vapor pres- 
sure at a given temperature can be 
easily determined from steam tables 
If however, some other liquid is in- 
volved, it is necessary to note the 
vapor pressure at pumping tempera- 
ture, because it determines whether 
or not prevailing suction conditions 
of the pump will be satisfactory. 

To determine power consumption 
at design conditions and to select pro- 


per driver size, the specific gravity 
of the liquid must be known 

When viscosity of the liquid differs 
from that of water, the pump capac- 
ity, head and power consumption are 
all affected. Correction factors must 
be applied to meet required perform- 
ance conditions. 

The size and nature of solids in the 
liquid determines both the type of 1m- 
peller and materials to be used for 
pump construction. If solids are very 
abrasive, an open impeller is generally 
used. Where the nature of the job 
warrants it, special and more expen- 
sive wear-resistant materials may be 
applied. When solids reach a certain 
size, or are stringy, special non-clog- 
ging impellers are required 

Special should be 
given to chemical components of the 
liquid if its corrosive properties are 


consideration 


not readily apparent from the descrip- 
tion of the liquid itself. Thus, pH of 
water, which is a measure of its acid- 
alkalinity, should be 


ity or stated 





capacities. 


factor, may be most economical. 


for quick repairs 


may be done automatically. 





Exceptions to Number of Units Required 


(1) If the capacity is too low to be efficiently split between two pumps, a 
single pump may be used even though at times it may be operated at very low 


(2) When the maximum capacity is too great to permit use of developed sizes 
or available operating speeds, a multiple pump installation, regardless of load 


(3) When service is intermittent and efficiency of operation is unimportant, a 
number of pumps giving lowest first cost should be selected. 


(4) Some installations can stand a reduction in capacity for a short time. In 
such cases, spare pumping units are omitted in favor of a stock of spare parts 


(5) Protection against pump stoppage may include interruption of normal 
power supply. A different source of power is used. Completely separate standby 
units may be used, or the pumps arranged for dual drive by either source of 
power. Depending on local requirements, the switchover to spare equipment 
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when there are indications that the 
water is not neutral or almost pure. 

Required Capacity should be stated in 
U. S. gallons per minute at pumping 
temperature. Any desired or imposed 
variation in the range of capacities 
should be clearly stated. Centrifugal 
pumps do not permit as great a flexi- 
bility in capacity variations, without 
affecting pump efficiency, as the re- 
ciprocating pump. Furthermore, the 
maximum efficiency of the pump 
should be at, or near, normal capacity 
conditions, Fig. 1. For instance, when- 
ever total head against which the pump 
must work includes a static head which 
varies considerably, and the pump op- 
erates at constant speed, operating 
capacity will also vary considerably. 

While a centrifugal pump can oc- 
casionally run at a capacity consider- 
ably in excess of its rated capacity, 
it may not always be practical. An 
increase in capacity means a decrease 
in the head generated, preventing op- 
eration of the pump at emergency 
overloads (if excess capacity was not 
included in the design and the pump 
operates on a system head curve). This 
is so because friction losses, which 
make up part of the required head, 
increase with capacity. Again, emer- 
gency over-capacity pumping may be 
prevented if prevailing suction condi- 
tions leave no margin over those re- 
quired for the normal rated capacity. 
Finally, if power consumption increas- 
es with the capacity, operation at ca- 
pacities greater than originally expect- 
ed may seriously overload the pump 
driver. 

Information as to the minimum 
capacity for operation also is of im- 
portance. In some centrifugal pump 
casing and impeller designs, operation 
at reduced capacities results in the 
development of radial thrust. Unless 
the shafts have sufficient strength, it 
can result in shaft failures. Also, opera- 
tion at extremely reduced capacities 
may cause overheating. In other in- 
stances the only disadvantage of op- 
erating at reduced capacities is poor 
economy. This can be overcome with 
the installation of additional small 
units, which would be operated during 
periods of light loads. 

Suction Conditions which will prevail 
in the proposed installation should be 
accurately determined. If available net 
positive suction head (NPSH) is less 
than the minimum required by the 
pump, it will be unable to meet its 


dis 


capacity design conditions. In addition, 
destructive cavitation may result from 
unsatisfactory suction conditions, caus- 
ing serious damage to the pump im- 
peller. Fig. 2 is a typical group of 
performance curves for a given pump 
operating under varying suction con- 
ditions. 

When cold liquids are handled, it 
is necessary to know whether there 
will be head on the suction or whether 
the pump will operate on a suction 
lift. If the liquid is hot, or under a 
pressure corresponding to or near its 
vapor pressure, the pump must be in- 
stalled with head on suction and avail- 
able submergence must be known. In 
all cases, it is better to separately 
determine static difference between 
liquid level and the pump centerline 
and friction and entrance losses in 
suction piping. If these losses have not 
been determined, it is generally enough 


to accurately describe suction layout, 
indicating all lengths and sizes of pipes, 
as well as fittings, valves and similar 
parts and components. 

Discharge Conditions for design con- 
ditions should be stated with the under- 
standing that it is generally composed 
of static elevation (or pressure) and 
frictional losses in the discharge pip- 
ing. Variations in static head must be 
known to determine maximum and 
minimum head against which the pump 
will operate. Specifying an excessive 
total head has actually the same effect 
as specifying excessive capacity. Since 
a centrifugal pump always operates 
at the intersection of its head-capacity 
curve and of the system-head curve, 
a pump which develops an excess of 
head will, unless artificially throttled, 
deliver an excess in capacity. Its curve 
intersects the system-head curve at a 
greater flow than would be normal 
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By breaking up the discharge head 
into static and friction head, excessive 
friction losses can be computed. If 
piping is too small, the required pump 
and its driver will be more expensive 
and cost of operation greater. 

When the total cost involved is high 
and justifies an extremely detailed 
analysis, it is possible to determine 
the most economical size of pipe by 
comparing the sum of the amortiza- 
tion of initial pump, driver and piping 
costs, plus operating costs versus cost 
of various pipe sizes. 

Total Head of a centrifugal pump is 
the difference between discharge head 
and suction head. Therefore, it is the 
net energy imparted to the liquid by 
the pump. In determining required to- 
tal head, if variations are expected 
in both suction and discharge condi- 
tions, similar variations will occur in 
the required total head. Furthermore, 
if individual variations are, as usual, 
independent of each other, there is 
the possibility that extremes in suction 
and discharge conditions occur simul- 
taneously. It is highly important to 
accurately determine what possible 
variations in required total head are, 
and to specify information to the in- 
terrelation of variations of two ele- 
ments which determine the total head. 
Load Factor which is the amount of 
pumpage over a period of time both 
total and at specific rates, generally 
determines the number of units re- 
quired to provide capacity require- 
ments. For infrequent needs or those 
of short durations, efficiency of the 
unit is of less importance than low 
cost. On the other hand, when con- 
tinuous operation is necessary, the 
pumps should be selected on the basis 
of economy, reliability and long life. 


CHARACTERISTICS OF 
DRIVING POWER 

Most centrifugal pumps are electric 
motor driven. Steam turbines and in- 
ternal combination engines are also 
used. The actual drive may be: an 
electric motor; a steam turbine; a 
gasoline, diesel, gas or dual fuel engine; 
or a water turbine. The drive may 
be connected to the pumps by means 
of: a direct drive through a coupling; 
a flat or V-belt drive; a gear drive; 
a hydraulic coupling or magnetic drive. 

Because electric power is generally 
the most economical and convenient 
source of energy, the electric motor 
is the most common type of driver. 
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When steam is available at a lower 
cost than electric power, a steam 
turbine might be preferred. In many 
cases, standby pumps are turbine or 
diesel driven as a protection against 
electric power failure. In some in- 
stances, the exhaust steam from the 
turbine is used for process work or 
for heating. The turbine acts as a 
reducing valve to produce low pressure 
steam. 

Gasoline or diesel engines are pri- 
marily used when no adequate electric 
power supply is available or where 
protection against failure of the elec- 
tric power supply is required. Diesel 
engines are more economical than 
gasoline engines in operation, but first 
cost is higher. Low head drainage and 
irrigation pumps handling large quan- 
tities of water require slow speed 
pumps, with large horsepower, making 
the diesel engine an excellent driver. 

Water turbine drives have a limited 
application and are used where a 
large supply of water is available as 
a cheap source of energy. 

Direct connection between a pump 
and its driver is generally preferred. 
However, centrifugal pumps are fre- 
quently belt driven when it is neces- 
sary to use a driver (such as an en- 
gine or electric motor) having a rated 
speed other than that required by the 
centrifugal pump. Such an arrange- 
ment is also used when space require- 
ments make it impossible to connect 
the pump and its driver in tandem, 
and when they must be mounted along- 
side one another for operation. 

Gears are used to step the driver 
speed up or down for the same rea- 
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sons that belt drives are used. Thus, 
gears are frequently used with turbine 
drives to retain high speeds conduc- 
ive to low turbine water rates, re- 
gardless of the low speed that may 
be required at the pump. On the other 
hand, it is quite common to use a 
separate gear between a diesel en- 
gine and a centrifugal pump to step 
up the relatively low speeds of these 
engines. 

Hydraulic and magnetic couplings 
are used to obtain a variable speed 
at the pump while operating the driver 
at constant speed. 


SPACE AND WEIGHT LIMITATIONS 

When a pump is to be installed 
in cramped quarters, vertical units are 
usually used since they take up less 
floor space. As an alternate, it is pos- 
sible to select a pump operating at 
the highest speed compatible with ser- 
vice conditions, since this also serves 
to reduce space requirements. Al- 
though the use of close-coupled pumps 
was introduced mainly because of first 
cost economy, the application of such 
pumps also offers definite space saving 
advantages. Finally, in a number of 
cases, the use of horizontal pumps 
with bottom suction may simplify the 
problem of spacing and the problem 
of suction piping arrangement. 


REFERENCE: 

Centrifugal Pump Selection by I. J 
Karassik, and R. Carter, Worthington 
Corporation. Published in Power and 
Fluids from Worthington, Summer 1956, 
p 13-17 
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From: Control Engineering 


Measuring mass flow 


GEORGE T. GEBHARDT, Boeing Airplane Co. 


Industrial applications require accurate, reliable flowmeters. 


These representative flowmeters employ many interesting principles, 


some—the axial-flow and gyroscopic types—yielding true mass flow, 


and others—the venturi, acoustic velocity, and turbine types—measuring 


volumetric flow and requiring density compensation to yield mass flow. 


TRUE MASS FLOWMETER 
Angular Momentum Principle—Axial-Flow Types—The 
axial-flow type of true mass flowmeter works on the prin- 
ciple of conservation of angular momentum. The General 
Electric, Avien, and Control Engineering Corp. flowmeters 
work on this principle. An impeller driven at a constant 
angular velocity imparts angular momentum to the fluid 
being measured. The fluid’s rate of change of angular 
momentum as it leaves the impeller is proportional to the 
impeller’s velocity and to the mass rate of fluid flow. A 


torque-sensing wheel, located adjacent to and down-stream 
of the impeller, removes the angular momentum from the 
fluid at the same rate the fluid gains momentum from the 
impeller. If the impeller’s angular velocity remains con- 
stant, the torque on the sensing wheel is proportional to 
mass rate of fluid flow through the flowmeter. 


REFERENCE 

“What's Available for Measuring Mass 
Gebhardt, Boeing Airplane Co 
pp 90-94, February 1957. 


Flow” by George T 
Published in Control Engineering 





Control Engineering Corp. flowmeter (A), operates on the 
conservation of momentum principle. The flowmeter resem- 
bles a gyroscope and its operation is most readily explained in 
gyroscopic terms. In (B), the C axis is equivalent to a gryo- 
scope’s spin axis, fluid motion in the pipe section perpendicu- 
lar to the C axis replacing the spinning wheel. The entire pipe 
assembly is rotated about the A axis, which corresponds to 
the precession axis of a gyro. The mass flow rate produces a 
corresponding torque about the B axis. The pipe loop parallel 
to the C axis corrects for centrifugal force produced when 
deflection occurs about the torque axis. 

Flexure pivots connect the pipe elements to the sensing 
element. Sensing element deflection, proportional to torque or 
mass flow rate, is picked up by an electromagnetic rotary 
transducer, whose signal is carried by slip rings to an ampli- 
fier, and from there to a flow rate meter and to a photo- 
electric pulse former and counter to yield total flow. 

[his instrument hes been highly developed for industrial 
uses, even for nonhomogeneous fluids. However, its intrinsic 
configuration makes it bulky in larger pipe sizes. 
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The General Electric flowmeter, a regulated motor-gener- 
ated power supply drives the impeller at a constant fre- 
quency. The down-stream sensing wheel is spring-re- 
strained and magnetically coupled to an angular-position 
pickoff. A stationary disk reduces viscous coupling be- 
tween the impeller and sensing wheel at zero flow. The 
pickoff’s output voltage, proportional to mass flow rate, 
feeds into a servo amplifier, a rate meter, and an integra- 
tor-counter. 

Inaccurate at low flow 
torques; the flowmeter can measure flow in only one 
direction, and cannot measure rapid changes in flow 


rates, due to extraneous 





The Avien flowmeter, contains two impellers driven 
in opposite directions and at a speed proportional to 
line frequency. This arrangement permits measure- 
ment in either direction of flow in a pipe but causes 
a higher pressure drop. A sensing wheel, restrained 
by an electromechanical torquer, removes the angular 
momentum from the fluid. The torque motor provid- 
ing the restraint receives an amplified potentiometer 
signal proportional to the angular position of the 
sensing wheel, and thus proportional to the mass 
flow rate times the angular velocity of the impeller. 

To make the flowmeter output dependent only on the 
mass flow rate requires a constant angular velocity. But 
the angular velocity, being proportional to line frequency, 
varies with changes in line frequency. Such variations can 
be compensated by feeding the transducer output signal 
into a line-frequency correcting network and using the 
resulting output to drive a servo amplifier-recorder. When 
the line frequency varies from nominal the attenuation of 
the correcting network changes in the proper direction to 


ne - frequency 


correcting network 


compensate for the change in impeller velocity 


Mass flow rate can be indicated by using a drag-cup meter. 


angular 





VENTURI-TYPE FLOWMETER 





The Bendix flowmeter uses a venturi as the 


Ventur eae 





sensing element. Since mass flow is equal to 
the square root of the product of density times 
A p measured at the venturi, it is necessary to 
use a densitometer and also to correct for the 
square-root function. To do this, a A p dia- 
phragm operates against a spring with stiffness 
proportional to displacement squared, thus 
creating a displacement of the transducer core 
proportional to the square root of A p. The 
excitation voltage for the transducer comes 
from the densitometer, that yields a square 
root-of-density voltage depending on the num- 
ber of density-sensitive float-switches operated. 
Because the transducer output voltage is the 
product of the core displacement and the 
excitation voltage, it is proportional to the mass flow rate. 
Output voltage feeds an amplifier, drives a motor at a speed 
proportional to mass flow rate, operates a magnetic drag- 
cup rate indicator, and totalizes flow on a counter. 

The small pressure drop in the venturi and the absence 
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of mechanical components in the flow stream are desirable 
characteristics of this system. Undesirable characteristics 
include: nonlinear output, small contact pressures in the 
densitometer switches, and the step-type densitometer out- 
put possibly giving insufficient resolution. 
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ACOUSTIC VELOCITY FLOWMETER 


The Maxson flowmeter measures the ve- 

locity of fluid flow with acoustic wave- nian 
trains. It is essentially a volumetric flow- 
meter and therefore requires a densitom- 
eter to measure mass flow rate. Two 
sets of crystals (each set a transmitter 
and a receiver), one angled upstream and 
the other downstream, transmit and re- 
ceive acoustic wave-trains. Each crystal 
set operates as follows: a short train of 
10-mc oscillations from a generator is 
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converted into acoustic energy to the 
transmitter, projected through the fluid, 
and picked up by the receiver across the 
tube. After being amplified, the received 
signal retriggers the generator and an- 
other energy train is repeated around the 
loop. The repetition frequency depends 
on the time it takes for the energy to 
cross the tube and on whether the signal 
is sent at an upstream or downstream 
angle to the direction of fluid flow. 

The upstream repetition frequency is fi (v + V cos 
6)/2d and the downstream repetition frequency is fe 
(v — V cos @)/2d; where v is the acoustic velocity, V the 
fluid velocity, d the distance between the transmitter and 
receiver, and @ the angle between the signal direction and 
the fluid flow direction. The beat frequency /: — fe equals 
V cos 6/d, and is therefore proportional to the fluid veloc- 
ity but independent of the acoustic velocity. 

Another crystal, placed in contact with the fluid, deter- 
mines the density. This crystal, in series with an inductance, 
forms a tuned circuit, so that the voltage across it is di- 
rectly proportional to the product of the density and the 
acoustic velocity. Dividing this product by a voltage pro- 
portional to acoustic velocity (obtained from one of the 
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oscillating loops in which the voltage, for the fluid veloci- 
ties normally encountered, is proportional to the acoustic 
velocity) yields a density signal. 

A computer multiplies the beat frequency (velocity) sig- 
nal and the density signal, so that the computer output is 
proportional to mass flow rate. The computer also con- 
tains an integrator. Thus, the flowmeter yields both mass 
flow rate and total flow of the fluid. 

No additional pressure drop is introduced in the flow 
system and the flowmeter can measure a wide variety of 
liquids. However, the liquids must not contain solids or 
air bubbles comparable in size to the wavelength of the 
acoustic wave. The electronic equipment complexity may 
be a limitation for some industrial applications. 





TURBINE-TYPE FLOWMETER 


The Potter mass flowmeter consists of the familiar 
turbine-type volumetric flowmeter, in conjunction 
with a simple float densitometer, giving a mass 
flow reading. A permanent magnet in the rotor 
generates an ac current in a coil located in the 
external housing. The generated frequency is pro- 
portional to the volumetric flow rate. An elec- 
tronic converter changes the frequency signal into 
a de voltage proportional to volumetric flow rate. 
A separate float positions an angular transducer, 
which produces a de output voltage proportional Flow 
to fluid density. The signals from the densitometer 
and frequency converter are fed to a computer, 
whose output is the product of density and veloc- 
ity, or mass flow rate. Computer output can oper- 
ate a flow rate meter or can be integrated to 
record total flow on a counter. 

The sensing element is available in many ranges 
and for many fluids. Against this advantage is the 
fact that the conversion of the frequency signal to 
de (as required for compatibility with the dc 
densitometer signal) precludes direct use of the 
frequency signal for accurate counting. 
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ADJUSTABLE-VANE DENSITOMETER 


The Revere densitometer provides mass flow rate measure- 
ments in conjunction with a turbine-type volumetric flow- 
meter. The densitometer consists essentially of a float 
balanced by an on-off servo-controlled movable weight. 
To increase sensitivity, the movable weight attached to the 
float is designed to hunt about the balance position deter- 
mined by the density. For example, when a change in 
density causes the float to drop, the lower magnetic switch 
closes and operates the motor and lead screw to move the 
weight to the left. This automatic weight balancing simul- 
taneously drives a vane-adjusting screw so that the position 
of vanes upstream of the turbine’s impeller is determined 
by the density of the fluid flowing through the meter. 


eas 
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Without the vanes the turbine is a volumetric flowmeter 
The vanes introduce a swirl to the fluid just before it 
reaches the turbine, thereby reducing rotational speed of 
the turbine as a linear function of vane position. Since vane 
position is proportional to density, the output of the turbine 
becomes proportional to mass flow rate. 

A six-pole magnet driven by the turbine opens and closes 
a magnetic switch which operates into a counter. The count 
is directly proportional to total mass flow, while the count 
per unit time indicates the mass flow rate. This simple 
recording technique is the main advantage of the flowmeter. 
The adjustable vane, in the fluid path, increases pressure 
drop across the flowmeter and is correction-limited to 
plus or minus 15 per cent of density change. 





CLOSED-LOOP SERVO FLOAT DENSITOMETER 


In United Control's flowmeter the impeller, whose speed is 
proportional to volumetric flow, generates a two-phase sig- 
nal which (after amplification) drives a synchronous motor. 
The motor speed, a facsimile of impeller speed, then be- 
comes proportional to volumetric flow rate. The motor 
operates rate and total flow indicators through variable- 
ratio drives. To obtain mass flow readings at these indica- 
tors, the densitometer adjusts the ratio by means of a dif- 
ferential transformer, so that the output of the drives is pro- 
portional to the product of volumetric flow rate and density. 

Floats in the densitometer position a differential trans- 
former as a function of density. A density change produces 
an error signal, which, after amplification, drives an induc- 
tion motor. This motor positions a second differential 
transformer until the error reduces to zero and also adjusts 
the variable-ratio coupling to the indicators. A drag-cup 
indicator shows mass flow rate, while a counter pulsed 
from the commutator shows total flow. Pulse counting im- 
proves accuracy of total flow measurement. The closed- 
loop limits errors in the densitometer; however, drifts in 
transformer outputs could increase them. 
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From: ASME paper 


Effect of back pressure 


J. J. PIPPENGER, Vice President & Chief Engineer, Hydraulic Division, Double A Products Co. 
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Pressure 


Safety valves normally function when further pressure would be 
detrimental to machine operation. Extreme dependability is the 
criterion rather than noise level, smooth operation, or freedom 
from shock. Design is based on sufficient pressure drop through 
the valve to prevent a pressure rise above the maximum rating 
of the equipment which could cause machine damage. 























Relief valve operation can be seriously affected by back 
pressure. Direct oil flow through the valve back to the reservoir 
does not effect the valve. If the flow joins with other lines 
and travels a devious path to the reservoir, odd pressure 
characteristics will occur. Changes in resistance to flow caused 
by the dynamic movement of oil through the tank lines is 
reflected back to the spring chamber of the valve. Any back 
pressure is an additive to the spring. 
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Piloted relief valve permit adjustments to flow. A small back 
pressure on the pilot mechanism may be magnified in the 
control of the main portion. Piloted relief valves should be 
externally drained as pilot oil quantity is low and the return 
line is inexpensive. Damage to machinery from excessive pres- 
sures have been traced to the additive pressure buildup in the 
pilot segment of the relief valve. 
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Compensated flow-control valve is a reducing valve with an 
orifice. Reducing valve is normally open and pressure across 
the orifice is balanced across the spool. Flow to the orifice 
is controlled by the reducing valve. A pressure rise ahead of 
the orifice causes the reducing valve to cut off a portion of 
the flow. Conversely, it allows more flow if the pressure drops. 
Thus, net pressure across the orifice is constant regardless of 
loading. This type of back pressure is desirable. 
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Unloading valve is used to divert a portion of the flow back 
to the reservoir. If capacity is limited by either small tank 
Sequence and check valve often have full line pressure on both lines or excessive flow, back pressure may occur. If the 


ports, hence internal drains can not be used. Back pressure in 
the spring pocket, whether directly operated or piloted, is an 
additive to the setting. The additive force is usually an uncon- 
trolled variable. Sequence valves are similar to relief valves. 


pressure is sufficient to give an additive to the spring, the 
unloading pressure will not be constant. This may be reflected 
in raised pressures, undue heat, power loss, and subsequent loss 
of efficiency in the entire circuit 
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Reducing valve signal is taken from the low-pressure portion of the 
valve. Leakage past the sliding spool into a closed low pressure circuit 
would tend to raise pressure in the secondary; however, the fixed 
orifice between secondary and small pilot relief valve is adjusted 
to limit pressure rise in the secondary to the maximum secondary 
pressure. Remote control is achieved by using a pressure additive in 
the spring pocket. Back pressure on the drain will be an uncontrolled 
additive resulting in a fluctuating secondary pressure. 
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Flow control valve may be simple orifice types or compensated types. 
where the pressure drop across the orifice is controlled. Flow through 
simple orifice control valves is directly affected by changes in pressure 
drop, and consequently the magnitude of the flow. Simple orifice types 
are needle valves, globe valves and gate valves. 











Pilot controlled valve require large actuat- 








ing forces but the pilot portion may be 
solenoid controlled. Unrestricted high 
velocity conditions on the pilot valve may 
cause a malfunction. Oil flow to the pilot 
valve should be restricted on the input 
line. Unrestricted flow would cause so 











slight a pressure drop that the restriction 

















to flow presented by the tank line may 
be sufficiently high to damage the valve 
when internally drained. 




















Pilot valve that is externally drained can 
operate at high speed. Mechanical seal on 

















the pilot valve must be pliable for good 
sealing characteristics which makes it 
vulnerable to high back pressures. Newer 
valves have a separate drain for the seals. 





The tank port is isolated from the drain 





























so that high velocity flows are not per- 
mitted to come in contact with the seal. 


Tonk “Drain 


Tandem valve usually has an external drain since high pressures 
on the tank port are normal. Long transmission lines offer 
sufficient frictional resistance to generate back pressure during 
high flow. Drain lines have a minimum frictional loss since 
much less flow is handled. Internal drains represent a small 
saving but large maintenance problems. 


REFERENCE: 

The Effects of Back Pressure on Hydraulic Oil-Control Valves 
by J. J. Pippenger, Vice President & Chief Engineer, Hydraulic Div., 
Double A Products Company, Manchester, Michigan. Presented at 
the ASME Annual Meeting, Nov., 1956. Paper No. 56-A-148 
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“Pilot press. “Cyl. 1 ; Pilot drain 

Solenoid controlled piloted four-way valve has metal-to-metal 
seal and is not affected by high pressures on the tank port of 
the valve. Main effect of back pressure on the main spool is 
to diminish the total working force available at the cylinder. 
Piloting mechanism, however, is affected by back pressure. 
New models direct the return oil from the pilot through a 
separate port so that rapid shifting of the main spool is not 
hampered and high velocity flows are isolated from the seals. 
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From: Parker Appliance Bulletin 
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Tube selection 


Selection of proper tubing for given conditions of 
velocity, flow, pressure, and temperature simpli- 


fied by charts and nomographs. 


Recommended tube wall thickness can be determined 
by using Figs. 1 and 2, in a two-step procedure based on 
the tensile strength of the tubing material. 

Convert the operating temperature of the system into an 
allowable stress value, Fig. 1, as follows: (1) On the 
bottom scale of the chart, locate the system tem- 
perature. (2) From this point, follow the vertical line 
upward to the point of intersection with the curve repre- 
senting the desired material. (3) From this intersection 
point, follow the horizontal line to point of intersection 
with vertical line leading down from desired safety factor 
given in the scale at the top of the chart. (4) From this 
point, follow down a 45 deg diagonal line to the scale on 
the right side of the chart to read the allowable stress. 


Example: Find allowable stress for 1010 steel tubing at 
850 F with safety factor of 6, first locate temperature 
on bottom scale, then run up vertically to intersect curve 
for 1010 steel, then move horizontally to line running 
down from “6” on safety factor scale at top, then follow 
diagonal line downward to scale on right of chart to read 
7,400 as allowable stress. 

Step two calls for use of Fig. 2. Recommended 
tube wall thickness is determined as follows: (1) Locate 
allowable stress value on the scale at the bottom of the 
chart and project a line upward. (2) On the scale at the 
left side of the chart, locate the internal pressure of the 
system and project a line horizontally to intersect the ver- 
tical allowable stress line. (3) From the point of inter- 
section of these two lines, follow along a 45 deg 
diagonal line to intersect the horizontal line extending 
from the desired tube outside diameter on the scale on the 
right side of the chart. (4) From this intersection point, 
extend a vertical line to the wall thickness scale (in the 
slanting white space). If the resulting point falls between 
two wall thickness lines, read the heavier wall thickness 
as the safest. If the resulting point falls to the right of the 
wall thickness scale, use 0.025 wall thickness. 


Example. To find recommended wall thickness for 
stress value of 7,400 psi pressure of 1000 psi and % in. 
OD tubing, first locate “7,400” on allowable stress scale 
at bottom of chart; then locate 1000 on internal pressure 
scale on left side of chart; then from point where these 
two lines intersect, follow a 45 deg diagonal line to 
intersect the horizontal line extending from “%4” in the 
tube outside diameter scale on the right side of chart; then 
from this intersection point, run upward between heavy 
vertical lines to the wall thickness scale (in the slanting 
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white space) to read “0.050” as the recommended wall 
thickness. 

Velocity vs flow requirements are a determining factor 
in the selection of tubing with respect to inside diameter. 
The tube should have sufficient capacity to carry the re- 
quired flow at a velocity that will not cause excessive 
turbulence. 

The Velocity vs Flow chart, Fig. 3, indicates the velocity 
in fps for flow in gpm for various inside diameters of 
tubing. The chart shows indicated tube inside diameter 
when velocity and flow are known, or resulting flow when 
tube inside diameter and velocity are known. 


Example: To find permissible tube inside diameter for a 
velocity of 15 fps and a desired flow of 12 gpm. First 
project 15 fps point on velocity scale vertically until it 
intersects horizontal projection of 12 gpm point from flow 
scale. Then from this intersection point, follow diagonal 
line to read permissible tube inside diameter of 0.569. 


REFERENCE: 
Catalog File 4305, Sept. 1956. Tube and Hose Fittings 
Division, The Parker Appliance Company, Cleveland, Ohio. 
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Fig. 1—Allowable stress value according to temperature. 
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Fig. 2—Tube size according to stress, temperature and pressure conditions. 
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HYDRAULIC AND PNEUMATIC EQUIPMENT (3) 


Fig. 3—Tube size according to velocity vs flow for hydraulic circuits. 
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These valves like tough jobs 


Discriminating engineers are finding that out. More and 
more of them are specifying Hannifin valves for every 
kind of directional air control—including the really 
tough jobs. 

There are plenty of reasons why: Inspired simplicity 
of design. Fewer parts—and those easily and quickly 


replaceable. Ability to serve a wide range of applications 
with fewer valve models. And—above all—fast, smooth 
operation. 

Your Hannifin man will gladly give you the whole 
story. We'll tell you where to get in touch with him— 
after you examine the big Hannifin catalog. 


AIR CONTROL 


HAN NIFIN 


VALVES 


For this complete catalog showing all the Hannifin directional air control valves, 
write to Hannifin Corporation, 525D South Wolf Road, Des Plaines, Illinois. 
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Five cylinder series... 
each the best of its kind! 


Here you see one more reason why experienced cylinder 
users prefer Hannifin cylinders...there is a Hannifin cylinder 
series for every type of service. 

What pictures cannot show you is the extra effort that goes 
into every Hannifin cylinder, all the way from the drawing 
board to the shipping dock. This brings you design features 
other cylinders simply do not have...superior workmanship 
where it’s most needed for long, trouble-free service...and 
better delivery promises, better kept. All at prices no higher 
than you may have been paying for less satisfactory cylinders. 

There’s a Hannifin man near you—or, if the need is urgent, 
call us long distance. He or we will welcome the opportunity 
to help you as you select the Hannifin cylinder series that best 
meets your needs. 


AIR AND HYDRAULIC 


HAN NIFIN 


POWER CYLINDERS 





~OMPLETE CYLINDER FILE 


Write for your copy of this new 
Hannifin Cylinder File...complete, 
easy-to-use, easy-to-order-from 
information on five lines of Hannifin 
cylinders. Write Hannifin Cor- 
poration, 525D South Wolf Road, 
Des Plaines, Illinois. 


Power «ruemeens 
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FROM GENERAL CONTROLS ONLY ' 
ee 


5 BASIC TYPE ELECTRIC VALVES THAT 
COVER EVERY FLUID CONTROL APPLICATION 


SHORTEN YOUR READING TIME BY 5 FEET 11% INCHES 


Don’t get buried six feet deep in catalogs. Make it easy on your disposition when an 
electric valve problem arises. You need only one reference — General Controls. 
Name it, General Controls has it — for high pressure, high flow (liquid or gas), 
non-corrosive, high temperature, three-way, four-way. Available in weather proof, 
explosion proof, normally open, normally closed models. And just because they’re 
better valves of a complete line doesn’t mean they cost more. 


Check up on General Controls, 27 years in the business. 


rA 
ASK FOR OUR CATALOG a 


See Sar 
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GENERAL PURPOSE HIGH FLOW 
Direct Acting Piloted Piston 
Solenoid Solenoid 
Va/ves Va/ves 
| HIGH PRESSURE 
Lever Action 
Solenoid 
Va/ves HIGH 
FLOW 


Magnetic Diaphragm 
Valves 


HIGH VOLUME — 
HIGH PRESSURE STANDARD FEATURES: 


Motor Operated 
Va/ves 





COMPLETE FLEXIBILITY THROUGH THIS WIDE 
SELECTION OF OPTIONAL FEATURES: 


G EN ERAL CONTROLS Waterproof, moisture-proof and high temperature 


America’s Finest Automatic Controls for Home, Industry, and the Military coils 


Glendale, California - Skokie, Illinois Explosion-proof and weather-proof housings 
Cast iron, cast bronze, forged brass or stainless steel 
bodies with brass, bronze or stainless steel trim. 


Wide variety of seat materials 
Odd voltages, AC and DC 


Five Plants — 42 factory branch offices serving the United States and Canada 


Dual voltage coils 
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FLUID POWER 
BULLETINS 


Here is the most advanced line of fluid 
power cylinders and controls in the 
industry. Simplicity of design is the key 
to all the benefits you get with Carter 
units. Cartridge type construction makes 
for fast, simple replacement of parts. This 
means less down-time, less cost to you. 
These units are rugged yet compact, 
thanks to key-type construction — no tie 
rods, no bolts. All mounting styles avail- 
able. Integral steel head and mount, 
completely interchangeable size for size, 
permits production economies, faster 
deliveries. Check into Carter today! 


THESE CARTER ADVANTAGES 


MEAN BENEFITS TO YOU 


Full 1 to 1 Meehanite rod 
bearings...easily replaced. 


tubing...6tol safety factor. 


Piston ring or cup packing 
Key-type stainless steel construction. 
locking ring permits 360 
rotation of pipe ports .. . 
removal of heads in a 


matter of seconds. 


Perfect alignment . . . low 
coefficient of friction . . . 
high efficiency. 


Metal rod scraper, milled 
wrench flats, heavy duty, 
high tensile chrome plated 
piston rod... standard in 
all sizes. 


@ leakproof “O” ring seal, 
between head and cylinder 
wall. 


Integral cast steel head 


and mount. 


No increase in length for 
Spring loaded “V" packing full cushioned cylinders. 


d and gland. 
a Spot-faced mounting holes 


Precision honed heavy wall for socket head cap screws. 


Carter Controls, inc. 


2800 Bernice Road . Lansing, Illinois 
GRanite 4-3305 
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CARTER 
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AIR CYLINDERS 
Standard sizes 14” thru 8”; stroke 
lengths to 18 feet; all standard 
mounting styles. Complete di- 
mensions, specifications and parts 
data. All essential designing and 
ordering information. Bulletin 
100A. 








1500 LB. HYDRAULIC 


Carter's heavy duty hydraulic 
unit for pressures to 1500 psi 
Bulletin gives full details on all 
standard sizes, 1% thru 8” 
Strokes to 18 feet. Complete parts, 
dimensions and specification 
data. Bulletin 1500. 











CARTRIDGE 
AIR VALVES 


The new Carter cartridge air 
valve is compact, simple, and has 
many different applications. For 
operation with solenoids, lever 
poppets or palm poppets. Send 
for new Bulletin V-150 
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750 LB. HYDRAULIC 


Complete range of standard sizes 
144" thru 8"; strokes to 18 ft.; all 
standard mounts. Complete de- 
tails on parts, dimensions, and 
specifications. A light, compact 
cylinder for most design and 
plant applications. Bulletin 750. 





WAT 


CONTROLS INC 








POWER PACK 
AIR CYLINDERS 


The new Carter Powez-Pack cyl- 
inder with built-in valve! Auto- 
mates any operation. For sole- 
noid, air-limit or remote air pop- 
pet control. Complete details in 
new Bulletin 125. 


[. rey ) 











CLAMP-TYPE 
CYLINDERS 


The first all-steel, first line quality 
clamp cylinder to be offered at a 
competitive price Incorporates 
all the rugged dependability of 
the standard Carter line. Bulletin 
CT-1000. 





IN EQUIPMENT DESIGN @ 


CHINSAN swiver sors 


SMOOTH OUT KNOTTY LINE PROBLEMS 


STEEL LINES FOLD LIKE AN ACCORDION 


Connected to a moving head, these compact swivel jointed all-metal hydraulic lines flex and 
fold like an accordion on this automatic bottle unpacking machine. 


NO HOSE BURST HERE 


These Chiksan swivel jointed steel lines on 
a die casting machine eliminate damaging 
hose ruptures, reduce fire hazard, fluid loss 
and setup time by 75%. 


NO BEND FATIGUE HERE 


This highly specialized lens grinder utilizes 
Chiksan Swivel Joints to eliminate tight hose 
bend as the multiposition head is shifted 
from one grinding position to another. 


When a machine’s moving parts cause 
tight bend or twist on hose lines, Chik- 
san Swivel Joints provide a ready solu- 
tion. When design dictates the use of 
metal lines, Chiksan Swivel Joints allow 
rubber-like flexibility. In fact, wherever 
line flexibility is required, designers and 
maintenance engineers know it’s just 
good business to call on Chiksan. Preci- 
sion made Chiksan Swivel Joints with 
their infinite service life, full 360° rota- 
tion and high safety factor, quickly pay 
for themselves by minimizing hose 
replacement and eliminating costly line 
failure, fluid loss and downtime. If your 
equipment hose lines require frequent 
replacement due to torsion or bend 
radii fatigue, or if flexible all metal lines 
are in order, contact Chiksan. A nearby 
representative will call, analyze your 
requirements, and make specific recom- 
mendations. Write today for his name. 


LOOK INSIDE A SWIVEL JOINT 


Detailed attention to detail. Precision ma- 
chining and specific packing seals for specific 
services. These are the quality-plus features 
built into every Chiksan Swivel Joint. 


CUUNSAN 


CHIKSAN COMPANY-BREA, CALIFORNIA +« CHICAGO 5, ILLINOIS « NEWARK 2, NEW JERSEY 
Well Equipme n . 


nt Mfg. Corp. (Div n), Houston 1. Texas « Subsidiarie Chiksan Exy 
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NO ONE FILTER MEETS ALL DESIGN NEEDS 


offers you 5 Distinct Types of 
Filter Media, including... 


MICRO-KLEAN — DISPOSABLE FIBER 
CARTRIDGES 


THE NEW CELLULOSE CARTRIDGE — 5-micron filtration. Ideal for 
liquid food processing and ~ oboe CLARITY, PURITY and 
freedom from any filter-imparted TASTE are essential 


WOOL CARTRIDGE — 10 to 70 micron filtration for general ap- 
plications. 





Both cartridge types offer unusual advantages in low-cost, high 
flow rates, compactness and simple maintenance. Exclusive 
Graded Density” doubles dirt-holding capacity, cuts replace- 


MICRO-KLEAN ment costs in half! Flow rates to 2000 gpm. - PORO-KLEAN 





AUTO-KLEAN and SUPER AUTO-KLEAN 


. i. 3 
{ Tf METAL EDGE-TYPE 
i 
| r These continuously cleanable, all-metal, edge-type filters com- 
| bine small size, high flow rates, low pressure drop. Filtration 
from .062” down to 40 microns with positive removal of all 
particles larger than nominal size. Flow rates to 4000 gpm. 
FLO-KLEAN — WIRE WOUND 
Handle very high volumes of relatively low-viscosity liquids. 
Operation, including sludge-removal, is completely automatic. 
AUTO-KLEAN and Motor-driven back-washing system cleans cartridge continu- ‘ 


ously without loss of liquid. Spacings from .0025” to .030”. Flow 
SUPER AUTO-KLEAN rates to 20,000 gpm with single units. 


MICRO-SCREEN 
PORO-KLEAN — POROUS STAINLESS STEEL 


Standard cartridges and special forms sintered or fabricated to 
meet individual specifications. Combine extreme heat and cor- 
rosion resistance with high tensile strength and filtration down 
to 5 microns. Used on applications with differential pressures 
as high as 2100 psi and temperatures up to 1200°F. 


MICRO-SCREEN — METAL SCREEN MESH 


Cartridges are bronze, carbon steel, stainless steel or nickel 
mesh. Provide the same properties of high heat and corrosion 
resistance, high tensile strength, and freedom from media 
migration as Poro-Klean Filters, but specified where higher 
flow rates and coarser filtration are required. 


FLO-KLEAN 
SPECIAL FILTERS... can be engineered and produced to meet 


almost any requirements or specifications. 


PLU A COMPLETE ENGINEERING SERVICE 


The Cuno Field Engineer in your area can help 
you select the right filter type and model to solve your 
problems. 


Write for free product literature .< . on any of the above Cuno Filters. 


CUlN CUNO ENGINEERING CORPORATION 


16010 SOUTH VINE STREET, MERIDEN, CONNECTICUT 
Telephone: BEverly 7-5541 


Filtration Engineers in Principal Cities 
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Moyno designed for pumping ethylene 
glycol, condensate from automatic driers, General-purpose Moyno for pumping oils, 
hot and cold water in dishwashers. water, alcohols and caustics. 


SSS 4 SSS 4 








Bronze and stainless steel Moyno as used 
in a drink dispenser. Pumps woter at 
more than 100 p.s.i.g. 

































| 
a 


Here's a compact version of a low-head, Versions of this compact Moyno are op- Economical Moyno for the appliance 
small-displacement Moyno for accurate plicable as coolant pumps, shallow-well field, designed for use under flooded 
pumping of small amounts. pumps and booster pumps. head. 


= 








The Urucual MOYNO PUMP Moote Many 
Extremes ih Product Design Requirements 


The Moyno Pump does not crush, 
churn or foam the product. Handles 6) 5) 
an amazingly wide variety of prod- 
ucts that are not pumpable with 
other types of pumps. 


— OUT 
Fa 


Pumps potato salad, chow mein, fruit, 
whole-kernel or cream-style corn... 
acids, alkalis, volatile solvents... 
pastes, abrasive slurries, paints, tar... 
cement, plaster, or vermiculite mix, 
Adaptable to heavy industrial machin- 
ery, also to drink dispensers, sprayers, 
coolant pumps, washing machines, etc. 
Moynos pull up to 29” of vacuum while 
discharging under pressure. Big Moynos 
can deliver up to 500 gpm. Pressures 
up to 600-plus psi obtainable. May be 
used for metering. Positive displace- 
ment; non-pulsating flow, in either 
direction. Won't cavitate of vapor-lock. How The Moyno Works: As rotor (1) turns, cavities (2) move to- 
Just one moving part—no valves or ward end of stator (3) carrying the material being pumped. Material 
pistons. is not crushed or churned. Shaft seal (4), precision ball bearings (5), 
Ext lv 1 lasti : ® and drive shaft (6). The Moyno can be designed to meet your specific 
xtremery tong tasting—in many problem, as was this small Moyno for the Bendix Economat Washer. 
cases the Moyno outlasts other pumps 


by 4 to 1. Rotors or stators easily re- 


placed, but seldom need to be, except 
in extremely unusual service. = ? INC, 


Get Details On The Moyno SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 


New Bulletin No. 50 has performance curves ea . 
Cpe fe qa Ch 
rd 


and details on small Moynos; Bulletin 30 
Fractional and Household Hoists and Large and Small = Propeliair Industrial 


has details on big Moynos. Or write, de- 
scribing your proposed application, and 

Integral HP motors Fans Cranes Moyno Pumps Ventilating Equipment 

from 1/200 to 200 HP 








our engineers will be glad to work with you, 
in confidence, of course _ 








ow hydraulic systems are simplifie 
with 2000 psi vane pumps 





Lower weight on mobile equipment with smaller size Lower cost for test stands which require pressures up to 
lines, smaller controls. 


: FEL 


- J 
Less space to pack more power with smaller size cylinders Higher torque, higher horsepower per GPM — continu- 
and valves on hydraulic machines. ously on drilling equipment. 


Vane-Type DENISON hydraulic, 
single stage pump 
INDUSTRY'S STANDARD FOR CONTINUOUS 2000 PSI SERVICE 


Many types of hydraulic circuits are made simpler with 
Denison’s 2000 psi hydraulically-balanced vane pump. 
Less space is needed . . . weight of pumps and controls 
is lower. Line loss inefficiency is greatly reduced because 
of the lower volume required with a 2000 psi circuit. 
eo. This Denison vane pump offers high volume output 
at 2000 psi continuous delivery. 
aoe sonnet Denicor, ced Denison HyarDlLice gre registered Write for Bulletin P-9-A for complete specifica- 


metric efficiency, reduces tions on 4 sizes available for delivery up to 100 gpm. 


pulsations. 
DENISON DENISON ENGINEERING DIVISION 
7-2 1e@)| rr American Brake Shoe Co 


1224 Dublin Road . Columbus 16, Ohio 
HYDRAULIC PRESSES «PUMPS+* MOTORS+ CONTROLS 
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Member of 
the National 
Fluid Power 
Association 


CRCULAR HEADS WITH TE #8005 


rc 


1.) SPACEMAKER provides additions! room ter 
edjecen! cquipmen! ithe! secriMcing strengin 
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all the EXTRAS 


are standard with 


Splcomake 


@ NEW exclusive ingenious cushion de- 
signs . . . Super Cushion Flexible 
Seals for Air... New Self-Aligning 
Master Cushion for Oil. 


@ STRONGER than outmoded tie rod de- 
sign, proven through actual tests. No 
tie rods to stretch. 


@SOLID STEEL HEADS throughout the 
full line. 


@ COMPACT DESIGN eliminates tie rods, 
increasing the strength and reduc- 
ing mounting space required, pro- 
viding extra room for adjacent equip- 
ment. 


@ HARD CHROME PLATED body bores 
and piston rods... assure you of 
long trouble-free service. (Standard 
at no extra Cost.) 


@ METALLIC ROD SCRAPER, nor just a 
wiper, actually removes foreign mat- 
ter from the rod. 


@ PILOTED PACKING GLAND with ex- 
tra long bearing. Additional strength 
and support to the piston rod. 


@ Oil pressure to 750 p.s.i. AIR to 200 
/ p-S.1. 


j , 


DELIVERY 
OFF THE SHELF! 


You save 40 % space when you switch from out- 
moded tie rod cylinders to the T-] Space- 
maker! It’s stronger, too! Fits right into auto- 
mation programs in countless plants. Delivers 
top performance and dependability with a big 
plus in advanced features. Wide range of styles, 
capacities . . . reduces man-hours and costs in 
all kinds of push-pull-lift operations. Off-shelf 
delivery in 64,000 combinations! 

NEW LITERATURE—Send today for new 
Catalog SM56 with complete engineering de- 
tails on Spacemaker line. Write The Tomkins. 
Johnson Co., Jackson, Mich. 


S23 TOMKINS-JOHNSON 
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ROTARY AIR MOTORS, COMPRESSORS, VACUUM PUMPS 
i | OFFER BIG ADVANTAGES AS ORIGINAL EQUIPMENT ON 
HUNDREDS OF PRODUCT APPLICATIONS . . . 
—<eae CC * TYPES, 5 SIZES—TO 3 HP 


specifications 
Explosion-proof Gast Air Motors give 
you amazing compactness and light weight output at 60 psi E> 
for hp rating. You get the advantage of « model no. _ _& — |; . ; 
wide range of variable speeds plus low .11 hp @ 2,000 rpm 2 ’ 
lI 








speeds without stalling. They'll start in 1AM-NCC-11 
any position. They can't burn out from @ soo i 
overloads. Rotor vanes take up their - - - — — $00 — . 
own wear. Simple, almost service free, y 1,500 rpm 
Gast Rotary Air Motors “fill the bill’ a 0.4 ‘i ae in 
in many equipment applications with lew t 1,500 tpm 


first cost. 8AM 


1,500 rom 


SAM-FCE-IC 2AM-NCC-16 
Ter 5 TYPES, 16 SIZES—TO 30 PSI 


specifications A Shell 
Integral (motor-pamp)—Compact, light | rec, max. pres- 
weight, efficient “package” units. Vanes __ Sure pst 
take up their own wear. Compressor model | model no. ga | “i 
rotor mounted on motor shaft for quiet, aa 
pulseless air delivery. aa 











Integrel 
(motor- 
com- 

Quick pick-up, positive displacement. Re- pressor) 


semble heavy duty models but without 


0211-P3A-G10X 
Light-Daty — For intermittent service. 


ww-o 
Se 
uouw 











fans or deep cooling fins, not needed for light. 
brief operating periods. Simpler lubrica- duty 
tor. (Not illustrated) 


-— 


0-10 
vuwov soo 





heavy- 
Heavy-Duty —Fan-cooled—For long, con-  eosad 
° . an- 
tinuous operation. Rotary design Gves cooled 
more air per lb., per hp. Automatic 
lubricator has self shut-off. 


~~ i 

A= SOW w)| wwe -_ 
COOWOB|OBO | MHWD 
Oa 

° 





“Weight without base or motor, except integral models. 


1065-P20A-39 
TL” TYPES, 16 SIZES—TO 28 IN. 


specifications 





Integral (moter-pump) Compact, light 

weight, “packaged” units. Save mounting | fec. Max. vecu- 

cost and time. Especially suited for port Al = 

tag - model | model no. | chm 19 min- ho 

contin- utes 

shaft. Rotary design gives quiet operation, uously 

pulseless vacuum. Vanes take up own integral 0406 

weer (motor- 0211 
pump) | 0321 

Light-Duty For intermittent service. 9521 


Give quick pick-up, trouble-free perform 





able equipment. Rotor mounted on motor 


0406-V-2-154x 


” | “/n7-oO 


ance. Resembles heavy-duty models but Yq ses 


without external fans or deep cooling fins. 0740 
Simpler lubricator. (Not illustrated) heavy- 0465 
Heavy-Duaty-Fan-Cooled — Built for con- 

tinuous service, dependability, minimum cooled 
maintenance. Forced air cooling, deep 


cooling fins. Automatic lubricator has 
self shut-off. Weight without 


COOWDB OBO | PHWd 


28 
motor, except Integral . 1065-V4-34 


Tt © |L-LESS AIR PUMPS Gast offers you specialized experience in air motors, compressors 


and vacuum pumps for original equipment. Based on 9 design 
ttn ta 4 types and 17 sizes, over 200 different Gast models go into pro- 
duction each year. With the various accessories, these models 
have a tremendous number of applications. 





g . 
: , he a 


° 
$s 


‘sizes, separate 
drive — 2 sizes, 
: a a inf tio application. 
integral - motor. Air may be your Answer!’ Write for detailed information on your app 


Write for “Oil- Original Equipment Manufacturers for Over 25 Years 
. less” Bulletin. ; 5 A MOTORS - COMPRESSORS - VACUUM PUMPS 








(TO 30 185.) (To 28 INCHES) : 
ROTARY Cay 6GAST MANUFACTURING CORP. P.0. Box 117-W, Benton Harbor, Mich 
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for Dependable Fluid Power 
and Reliable Controls 


It may not take over half a century to design 
and build a superior line of cylinders and valves 

. but the experience a company compounds 
in that time surely helps. Hanna has that 
background. 


What does it mean to You, today—in terms 
of cylinders and control valves? — Basically 
these important things: 

e Products designed and manufactured to the 
very highest standards of performance . . . 
not built down to a price—although they are 
competitive. 


¢ A line so complete that you can specify a 


There is a complete line 
of Hanna Cylinders to suit 
all requirements of size 
and mounting .. . in ca- 
pacities up to 250 psi for 
low pressure air or hy- 
draulic operation, and up 
to 1500 psi hydraulic. 


HANNA 
VALVES 


Designed to assure most 
efticient control, there 
are many types and sizes 
of Hanna Valves avail- 
able for hand, foot and 
electric operation, for au- 
tomatic, remote and speed 
controls. 


“standard” Hanna cylinder or valve to suit 
your “special’’ jobs. 
e A plant engineering staff that backs a nation- 
wide regional engineering-sales organization to 
help you quickly solve difficult problems—and 
to follow through on all your “needed now” 
requirements. Many Hanna Representatives 
stock the standard sizes and types of Hanna 
Products—the Hanna Plant, of course, does, too. 
Whether you need cylinders and controls for 
equipment that is for resale, or for your own 
plant use .. . call or write your Hanna Repre- 
sentative (see classified telephone directory or 
Thomas’ Register) or write us direct. 


Hanna Engineering Works 


CYLINDERS ... VALVES 


1763 Elston Avenue, Chicago 22, Illinois 
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These are not ordinary packings . . . typical compounds 
and sizes. They represent a few of the highly specialized, 
custom designed products of IPC. 

lailored for specific industrial problems, IPC packings 
are used in thousands of pneumatic and hydraulic applica- 


tions. Every field problem is analyzed by IPC engineers, 


vals e 


ing 
‘on Moldin 
precist* 


and every packing is compounded for a definite purpose 
Whether you require one or a million units, each one will 
be identical in manufacture. 

It costs no more to have this attention to detail . .. Why 
not discuss your problem with your IPC Representative? 


INTERNATIONAL PACKINGS <02°0%4110% 


Bristol, New Hampshire 


BONDED BY IPC 
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ASO makes 
Solenoid Valve selection simple 


Comprehensive Design Engineering Data Now Available 





Keys Proper Solenoid Valve to Application 


Specifically designed to make the selection of solenoid valves simple, 
the ASCO Valve Catalog gives you the most comprehensive engineer- 


ing data available to aid you in your solenoid valve selection. 


Here are 114 pages of up-to-date valve information. These pages 
incorporate detailed engineering sections. Finding the proper valve 
for your particular application is made easy by a simple master index 
which leads you to a separator where you will find all the valves of 
the type you require. Each separator has a more detailed index which 
will enable you to turn right to the valve bulletin needed to meet 
your particular requirements. 


Section 1. 


GENERAL ENGINEERING INFORMATION 
Expanded engineering data with 
gives valve construction, 
operating principles, features. With 
Ss using Cv ratings for 


MANUAL RESET VALVES 
2 and 3-way solenoid valves for 
safety shut-off applications. 


You may order the complete catalog or individual sec- 
tions or bulletins. You will find easy to use return reply 
cards in each catalog for ordering additional literature. 
Also available is the Electromagnetic Control Master 


Section 


2-WAY VALVES 

Covers all 2-way valves of the 
fully automatic type for a 
wide range of pipe sizes and 
pressures. 


Section 6. 


CORROSION RESISTANT VALVES 
includes 2 and 3-way solenoid 
valves for handling corrosive 
gases and liquids. Section incor- 
porates a selection guide chart. 


Catalog 57-S or any one of the six sectional Catalogs 
covering Automatic Transfer Switches, Remote Control 


Switches, Contactors, Relays, Solenoids or Electric 


Plant Controls. 


3-WAY VALVES 


Detailed information. on fully 
automatic valves for pilot 
contro! of diaphragms or 
cylinders, or for diverting flow 
in pipelines. 


Section 7. 


SPECIAL PURPOSE VALVES 

AND ACCESSORIES 

Special purpose equipment 
waterproof and explosion proof 
solenoids, laundry valves, 
cylinders, etc. 


Any of these important engineering reference 
aids may be obtained by writing Automatic 
Switch Company — on company letterhead 
only please. 


Automatic Switch Co. 


379-H Hanover Road, Florham Park, New Jersey 


FRontier 7-4600 


F 





NUCLEAR VALVE DATA 

Shows ASCO specialized sole- 
noid valve desi for nw- 
clear, guided m , Navy 
and dispensing applications. 








delivers PLUS VALUES in Air Power! 


NOPAK Air Cylinders, long known for their dependability and economy, 
now can be applied to even greater advantage with the new Nopak-matic 
pilot operated air control valves. Full flow design and dependable 
performance make NOPAK Cylinders and Nopak-matic control 
valves the perfect “team” for “in plant” or O.E.M. applications. 
They deliver Plus Values that you can measure in terms of 
greater speed, higher efficiency, easier maintenance, a wider 
range of adaptability and versatility. 
e NOPAK 
Class 1 and 2 
Cylinders are 
available in 7 _ , 
standard mountings in 
bore sizes from 144” to 14” 
with a choice of non-cushioned, 
self-regulating or adjustable 
cushioned heads on all models. 


e Nopak-matic, Pilot-operated, 
Poppet-type Air Control Valves 
are available in 44", %”, 2” 
and %” pipe sizes for 2- or 
3-Way normally open or 
normally closed operation, and 
4-Way operation with master 
(air), single or double solenoid 
control heads. All 4-Way 
valves available, as standard, 
with choice of side or bottom 
ported sub-plates. Air pressures 
to 150 p.s.i. 


Catalog 101-A and Catalog 105 provide 
complete descriptive and engineering data. 


Other NOPAK Products for your F 


The NOPAK line includes cylinders and valves for a wide range of fluid 
power application — and its precision control. In addition to standard air 
cylinders, there are heavy duty, mill-type cylinders, square head and lock- 
ring flange type hydraulic cylinders. The NOPAK Valve line includes 
the famous packless rotating disc valves in both hand and foot models, 
high pressure hydraulic valves, Flotrol speed control valves and recipro- 
cating valves. 
® CLASS 3 CYLINDERS—for pressures to 
2000 p.s.i. Compact steel plate square NOPAK 2- 3- AND 4-WAY HAND VALVES are used to 
head and tie-rod construction. Honed control single or double-acting cylinders at air or hy- 
steel tubing. Heads may be cushioned draulic line pressures to 250 p.s.i. Precision lapped seal 
or non-cushioned. Available in 14 eliminates packing, prolongs valve life. Disc rotating at 
standard mounting styles right angle to stream flow permits throttling action or 
immediate opening to full pipe area. Pipe sizes from 
Y,” to 2”. 


NOPAK 2- 3- AND 4-WAY FOOT VALVES incorporate 
all of the features of NOPAK hand operated disc- 
type valves including the lapped-disc design and 
packless construction. They are available in 3 types 
© CLASS 4 CYLINDERS — 1; i which are adaptable to a wide variety of control needs. 
Hydraulic — econ yt ee Pipe sizes from 14” to 1” for pressures to 125 ps.i 
ing with lock-ring flange construction 
For hydraulic (oil) service at line NOPAK FLOTROL SPEED CONTROL VALVES provide uniform 
pressures to 3000 p.s.i. Choice of cush- control of cylinder speed in one direction, free flow in 
ioned or non-cushioned heads. Avail- the other. Features: quick, easy, precision adjustment 
able in 5 standard mounting styles. without tools; greater capacity; easy installation because 
: of compact in-line design; fit in tight places; made o 
rust and corrosion proof materials. Pipe sizes from 1%” 
to 1” 


Write for Catalog SW-3 


CLASS M CYLINDERS (Mill T ) 
Welded flange construction, With VALVES and 
Cre eR pee CYLINDERS 


Heavy 
Bed pat Jopenting pon diameter.  GALLAND-HENNING NOPAK DIVISION * 2770 South 31st St. © Milwaukee 46, Wis. 


A7-618-1P 
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PDD 
Aeroquip Corporation, Jackson, Michigan 


Please send me: 
Combination of Aeroquip Catalog No. 201 plus “Guide for 


Routing and Installation of Aeroquip Flexible Hose Assemblies”. 


' e 0D “Guide for Routing and Installation of Aeroquip Flexible Hose 
& & Assemblies”. 
imp ! Ul _— — 


Title 


System Design jit 


Stote_ 


ane eabanoamaad 


FUEL, Cll, WATER, HYDRAULIC LINES— Single HIGH PRESSURE LINES— Double Wire Braid 1509 
Wire Braid 1503 and Hose for high pressure 
1502 Hose for medium hydraulic, grease, crude 
pressure hydraulic, water, ond fuel oil, gasoline and 
hot oil, crude and fuel oil, air lines. In sizes from “a” 
anti-freeze, gasoline, die- to 2"; pressures up to 
sel fuel and air lines. In 5000 psi., depending on 
sizes from Ye” to 22"; size; temperature range 
pressures up to 3000 psi.; —40°F. to +200'F. 
temperatures from — 40 F. 
to +250°F. Also available: 
2651 Rubber Cover Hose. 





LOW PRESSURE LINES— Aeroquip 2556 Hose and HIGH TEMPERATURE LINES— 2802 Hose (Teflon) 
SOCKETLESS Fittings for and Reusable “super 
low pressure oil, fuel and gems” Fittings for fluid 
air lines on all applications. systems subject to high 

_ ‘Fy In sizes from “%" to %"; temperature and corrosive 
for pressures up to 250 fluids. Hose and fittings 
psi., temperature range can be assembled with 
—40°F. to +250°F. ordinary hand tools. In 
SOCKETLESS Fittings in sizes from 4" to 1”; for 
male pipe, S.A.E., J.1.C. pressures up to 1500 psi.; 
threads. (Patent applied temperature range —100 
for.) F. to +500” F. 


ALEROQUIP 2556 








SELF-SEALING COUPLINGS—Type 5100 (wing union nut) and 
Type 5110 (hex union nut) allow quick connection and dis- 
connection of fuel, oil, hydraulic and air lines, replaces two 
shut-off valves. There is no loss of fluid or inclusion of air into 
the system on connection and disconnection of fully pressurized 
lines. In O.D. tube sizes from se" to 1'/2"; for pressures up to 
2000 psi.; temperature range —40° F. to +-250° F 











\ SOCKETLESS and “super gem” ore Aeroquip trademarks 
a 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 


INDUSTRIAL DIVISION, VAN WERT, OHIO © WESTERN DIVISION, BURBANK, CALIFORNIA 
AEROQUIP (CANADA) LTD., TORONTO 10, ONTARIO 
LOCAL REPRESENTATIVES IN PRINCIPAL CITIES IN U.S.A. AND ABROAD « AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 
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LUBRIKUP Sye“fre JACK CUPS 
FOR HYDRAULIC AND AIR SERVICE 


SQUARE CORNERS 
& FLAT BOTTOM 


GIVE 
PERFECT FIT 


INCREASED 
HEEL THICKNESS 


PROVIDES 
GREATER 
STRENGTH 


Test after test in hydraulic and air service equipment has proven the 
superiority of LubriKup’s square corner, flat bottom design. Leakage and 
loss of efficiency experienced with conventional round bottom Jack Cups 
have been completely eliminated by this new, improved type. 


cups. There no longer is any sign of dragging or binding 


Added strength on the heel prevents expansion at that 
at the heel, so common with conventional type units. 


point and tapered sidewalls give a seal on the lip of the 


LUBRIKUP JERKERKUPS and TYPE H PRESSURE SEAL PISTONS 


THE LATEST DEVELOPMENT IN CUP-TYPE PISTONS 
ESPECIALLY SUITED FOR HEAVY DUTY SERVICE 


LubriKup JerkerKups are moulded to size from 
a special compound containing high oil and abra- 
sion resistance. They will not stick or vulcanize 
to the liner regardless of how long the pump 
is shut down! 

A 45° bevel on the bottom of the cups and spacing 
ring gives extra support at the heel. A pressure seal 
on the lip of the cups prevents slippage from the 
very first stroke, reducing liner wear to a minimum 
Cups can be changed easily and quickly, right on 
the job—only the cups need be replaced to have 
a completely new piston assembly. y 








— 











zi 


NEW IMPROVED TYPE H 
WITH 45° ANGLE 


(Regular Type JerkerKups 
have a round heel or radius 


o the bottom ) 
LUBRIKUP 
FLUID SEAL ROD PACKING 
gives a perfect, non-binding fluid seal! 
Fluid Seal Rod Packing 


incorporates the proven 


Standard equipment on many 
packed piston pumps... proven 
superior in a wide range of services! 











LUBRIKUP 
NON-ADJUSTABLE PACKING 


a combination "fixed bearing” and seal! 


Non-Adjustable Packing 
consists of Cup-type com- 


Exclusively Manufacturing Composition Cups and Cup-Type Packings 


theory ot lip-type action 
(sealing from pressure), 
with space provided between 
each ring, thus assuring a 
perfect, non-binding seal for 
rod lubrication. This perfect 
fluid seal prevents slippage, 
reduces rod wear to a mini- 
mum and provides new, 
longer rod and packing life! 


— SINCE 1921 — 


position rings with a 45° 
angle sealing lip separated 
by metal spacers. This design 
reduces the point of cup con- 
tact with the plunger by at 
least 33%. This packing 
cannot be tightened ‘too 
tight”, thus preventing the 
usual excessive friction which 
causes packing to burn. 





Write for your free 
copy of CATALOG 21 





LUBRIKUP COMPANY, INC. 


WILLIAMSPORT, PENNA. 


showing the complete 
LUBRIKUP line... with 
application, size and 
price data. 











— a —-. 
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Schrader... 


your one source for AIR CYLINDERS 





push, pull, single or double-acting, with or without cushion 
... for every type and mounting 











Pivot Bolt Mounting 


VALVES 
AIR ACCESSORIES 


5/ - se), 
~ 


Small 
Clamping Cylinders 





Flush Mounting 
Bose Mounting 


Available for immediate delivery from your Schrader Distributor 
A. SCHRADER’S SON ®* Division of Scovill Mfg. Co., Inc. * BROOKLYN 38, N. Y. 





@ division of SCOVILL 








Product Engineering — Mid-October, 1957 


QUALITY AIR CONTROL PRODUCTS 
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positive displacement fluid motors tandem pumps 
gear-type pump 


Py, 
motor-pump 
combinations ’ 
pilot operated 


relief valves flow dividers lock valves 


single and 
multiple spool 
directional valve 


knows hydraulics 


...and how to meet the most exacting 
requirements in hydraulic application. 


Webster knows hydraulics! Webster matches 
engineering skill with a long and wide 
experience in many and varied applications .. . 
successfully solves both design problems and 

BULLETIN H3A2 — the practical aspects of “useability,” 

Technical reference guide to lower cost, longer life. Case histories 

the complete line of Webster aveal a “hi 4 aa nla he se 

hydraulic pumps, valves and reveal a “happy marriage” whenever 


fluid motors, is yours for the Webster and client get together. 
asking. This informative book 
contains operating features 
engineering characteristics, 
performance and installation 


date. Write today or ... Call the man from Webster 


... he’s one of a staff of engineers, specially trained 
in hydraulic application. He can help you solve 


special problems when hydraulics enter the picture! 


OIL HYDRAULICS DIVISION 


WEBSTER W ELECTRIC 


MELROSE 3-351! 


ee TFT RACINE -WIS 
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ONE OF THE GARLOCK 2.000 
’ 


THE PACKAGE SEAL 


of a hundred uses 


This Garlock MEcCHANIPAK* Seal 
BB-21A has proved itself on hun- 
dreds of jobs, sealing against water, 
oils, alcohol, mild acids, and sol- 
vents. It’s ideal for shafts on cen- 
trifugal pumps, automatic washers, 
speed reducers, commercial dish- 
washers . . . wherever pressures do 
not exceed 150 psi. 

Withstands temperatures to 212° 
F. with standard bellows. . . shaft 
speeds to 2000 fpm and higher de- 
pending on operating conditions. 


Sizes for 3%” to 3” dia. shafts. 
Mechanical drive arrangement is 
engineered toeliminate slippage and 
simplify installation. 

The BB-21A is another impor- 
tant part of “the Garlock 2,000”. . 
two thousand different styles of 
packings, gaskets, and seals to 
meet all your needs. The only com- 
plete line. That’s why you get un- 
biased recommendations from your 
Garlock representative. Call him 
today or write for Catalog AD-150. 


*Registered Trademork 


THE GARLOCK PACKING COMPANY, Palmyra, N. Y. 


For prompt service, contact one of our 30 sales offices and warehouses throughout the | 


TYPICAL 
INSTALLATIONS 


Centrifugal pump installation 
where stationary seat fits in 
housing and impeller provides 
stop for seal. A cup type vibro- 
tion ring holds stotionary sect. 
(Vibration ring design optional.) 


Vertical shaft installation where 
lock-nut positions seal on shaft 
and stationary seat is in gland. 
A squore vibration ring is used 
to hold stationary seat. (Vibra- 
tion ring design optional.) 


lS. and Canada, 


Packings, Gaskets, Oil Seals, 
Mechanical Seals 





Fluorocarbon Products 


CJrarntnoc =~. | 
Rubber Expansion Joints, 
¥ | “ar . 
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Anchor High, Medium and Low Pressure 
Hose Assembies for Three, Two and One 
Wire Braid Hose, Two Rayon Braid Hose 
and Spiral Wire Suction Hose. 





rf [es 


Anchor Adapter Unions, Pipe Fittings and 
SAE Boss Type Adapters. 





Anchor Reusable Couplings for High, 
Medium and Low Pressure Hose. 


There is 
more than a decade 
of Research and Development 


behind these 
HYDRAULIC 
HOSE ASSEMBLIES 
and FITTINGS! 





we “se 


Anchor Flanco 4-Bolt, Split-Flange “O”— 
Ring Couplings with Pressed On Couplings 
or Clamp Type Reusable Coupling. 


Here is a complete line, one of the most com- 
prehensive available anywhere today, including 
couplings, hose assemblies and fittings for any 
need in the transmission of fluid power. 


The Anchor products shown have been devel- 
oped and re-designed thru the past decade to 
keep abreast of the rapidly changing field of 
hydraulics, each style and size offering the most 
modern features with bonus value in application 
convenience and service life. 


Catalogs are available for each product classi- 
fication, each with a wealth of diagrams, tables 
and technical data that are available for your 





rN 


Anchor Clamp Type Couplings for high, 
medium and low pressure. 


assistance in selecting just the hose assembly or 
coupling that is best for your particular application. 


at 
Andy Anchor says: S 


A general condensed catalog 


of the entire Anchor Line is also 
available. Ask for Catalog 57S. 


(Q 





Anchor L.P.G. Hose Assemblies with 
Pressed On or Reusable Couplings. 


Ss , S S bal) . £ 
Vie ©, ® 
PN ie te) eaelll lh). icReema|, len 


394 North Fourth Str ‘es 
Branch Offices: Dal +: 





Anchor Autometive Hose Assemblies; 
Freon Hose Assemblies and Power Steering 
Hose Assemblies. 
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Versa Valves 
For EVERY Actuation... 


Versa control Valves are available in 2-, 3-, 4-, 
and 5-way types in sizes from %” to 1” NPT, 
and for pressures from partial vacuum to 
500 PSIG. 


Choose exactly the right valve to fit your specific 
requirements from Versa’s complete line of over 
140,000 variations. 


@ Cam actuated 
—spring return 
4-way, % NPT. 


Illustrated below are just seven of the many 
variations available in only one size and type of 
Versa Valve, and show only a few of the numer- 
ous Versa actuating devices. Remember all the 
Versa Valves shown below are available in 6 
different sizes in many different types and are 
stocked by authorized Versa distributors, strate- 
gically located throughout the world. 





@ Cut-away view of VERSA 
Double Solenoid Valve, 
4-way type, 4%” NPT. 


@ Button actuated 
—spring return 
4-way, Y% NPT. 





@ Pilot actuated 
—spring return 
4-way, % NPT. 


@ Pedal actuated 
—Sspring return 
4-way, % NPT. 





@ Hand actuated 
—spring return 
4-way, % NPT. 


WSL SSL 








VERSA PRODUCTS CO., INC. 


SCHOLES STREET 
BROOKLYN 6, NEW YORK 
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@ Treadle actuated 
—no spring return 
4-way, Ye NPT. 





FREE CATALOG / & 


Write today for 
Versa’s comprehensive 
catalog #14, 

and name of 

nearest distributor. 





| Advertisement) 


Unique Design Achieves High 


Gear Pump Efficiency 


The gear pump has long been recognized as one 
of the simplest and most dependable pumping mecha- 
nisms available. However, at high pressures it was 
limited because internal leakage lowered the volumetric 
efficiency making it necessary for engineers to specify 


FRONT PLATE 

Sa —— 

FLEXIBLE WEAR PLATE 
ANT! EXTRUSION GASKET 


BACK PLATE 


Cutaway view showing the internal design of the Cessna pump. 
The pump is recommended for pressures up to 2,000 PSI, 
continuous operation. 


other, more expensive and often less reliable, types of 
pumps. 


Since most of the leakage in a gear pump occurs 
between the gear ends and end plates, especially in the 
area where the gears mesh, it is obvious that if the clear- 
ance between the gear ends and the end plates could be 
kept near zero at all times, the pump efficiency would 
be greatly improved. This condition is successfully 
achieved by a flexible, pressure compensated wear plate 
featured in a pump developed by our engineers. 


The wear plate, made of a steel backed bearing mate- 
rial, forms one wall of the gear chamber with the 
bearing material next to the gears. A narrow space be- 
tween the wear plate and the front plate is divided into 
radially divided compartments by a molded synthetic 
rubber seal with a “V” cross section. This seal fits with 
the open part of the “V” down into a corresponding 
groove pattern in the front plate. An anti-extrusion 
gasket of a harder material fits into the same groove 
pattern being sandwiched between the “V” seal and 
the flexible wear plate. 


In operation, pressure from the output area of the 
pump is directed behind the “V” seal pushing it and 
the anti-extrusion gasket against the wear plate form- 
ing the several compartments. Each compartment is 
connected to the gear chamber by a small hole in the 
wear plate, the exact pressure within each compart- 
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ment being determined by the angular position of the 
small hole within the compartment. 


By carefully locating these holes, the pressures in 
the compartments are such that, together with the 
force behind the ‘“V” seal, there is just enough net force 
on the wear plate to deflect it snugly and evenly against 
the gears and, at the same time, hold the opposite gear 
ends in contact with the lapped surface of the back 
plate. Thus, the clearance on either end of the gear is 
never more than necessary for lubrication, regardless 
of pressure deflection, thermal expansion, or wear. 


As might be expected, the volumetric efficiency of 
the Cessna pump is substantially better than was pre- 
viously thought possible in a gear pump. The over-all 
efficiency and service life are similarly outstanding. 


The Cessna pump has already proved itself in several 
of the toughest hydraulic applications, such as back 
hoe diggers and complex live pressure systems, as well 
as the more ordinary farm machinery and industrial 
equipment applications. 

In spite of its superior qualities, the Cessna pump is 
economical and, because it features a versatile mount- 
ing and porting system, it is suitable for a great variety 
of applications. We invite your inquiries. Industrial 
Hydraulics Div., Cessna Aircraft Co., Hutchinson, 
Kansas. 


TYPICAL PUMP PERFORMANCE 
OIL VISCOSITY 290 SUS AT 100°F—ALL TESTS RUN AT 150°F 


37 


















































This curve was plotted from a pump with a displacement of 
1.71 cubic inches per revolution. Other sizes available range 
from .78 to 2.04 cubic inches per revolution. Larger sizes are 
in the development stage. 
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Announces 

a New Space 
and Price Saving 
Hydraulic 
Cylinder Line 


Announces 
50% More Power 
Per Cylinder Dollar 


‘= 
see 


2002-04 N. Hawthorne Ave., Melrose Park, Ill 


SAVE UP TO 76% OF COST 


Heavy Duty Model LH—Same Size As Ordinary 
Gasket Type Square Design Low Pressure Cylinders 


NORMAL 
RATINGS 


NON-SHOCK 
INTERMITTENT 
RATINGS 


YOU SAVE THIS % IN 
PRICE OVER STANDARD 
2000-3000 PS! CYLINDERS 





1500 PSI 
1500 
1000 
1500 
1000 
800 
800 
500 
500 
500 


500 











2500 PSI 
2500 
1500 
2500 
1500 
1200 
1200 
800 
800 
800 


800 


27% 
27% 
28% 
32% 
35% 
37% 
43% 
50% 
71% 
76% 


Not Available in 
2000-3000 PSI 








with Extra Heavy Duty 
3000-5000 PSI MODEL H 


HYDRAULIC CYLINDERS 


Same Price 


and Mounting Dimensions 
as Miller 2000-3000 PSI 
Hydraulic Cylinders. 


BOTH LINES 
MADE POSSIBLE BY 


SHEF SEAL 





OTHER MILLER QUALITY FEATURES 
@ All Teflon Sealed Against External Leak- 


oge—Tefion Cups Extra 


@ Case-Hardened Chrome Plated Piston Rod 


@ Shear Proof Rod Bushing Seal 


@ Ball Check Interchangeable with Self 
Sealing and Locking Cushion Adjustment 


@ Rust Resistant Surfaces 
@ Tefion Oil and Dirt Wipers 


Mydraulic Cylinder ¥ 
Tubing End Sea ud 





Over 100 Miller and TRQSA Field 
Engineers .. . factory trained . . . fully 
experienced . . . specially qualified to 
render helpful, friendly cooperation 
from the 41 strategic locations listed at 
right. 


r 
trial ofe 


ae Oe 
piP® «au PO 


fu 


When you 
buy Miller 
you buy 
extra years 
of worry-free 
performance... 
at competitive 


prices! 





Corvice from Coast fo Coast 


res 
Pere 


2002-04 N. Hawthorne Ave., Melrose Park, Ill. 


ALABAMA 
Birmingham —Miller Fluid Power 
Div., 1925 29th Ave 
Tremont 9-660! 
CALIFORNIA 
San Francisco Miller Fluid Pow 
er Div 561 Buckingham Way 
Montrose 4-353! 
Leos Angeles—Teazien Eng 
P. O. Box 191 8. Pasadens 
Ryan 1-2856 
COLORADO 
Denver—Alta Eng. ( 1988 Nome 
St. Empire 6-3557 
CONNECTICUT 
Hartford—Gibson Eng. Co 
Washington St. Chapel 7-69 
GEORGIA 
Atlanta— Miller Fluid Power Div 
4 East Paces Ferry Rd NE 
Cedar 7-9033 
ILLINOIS 
Chicage (Home Office Miller 
Fiuid Power Div 2040 N. Haw 
thorne Ave.. Melrose Park, Il 
Fillmore 3-4500 
Rockford—Miller Fiuid 
4712 Cayuga 
7.1308 
Moline—Miller Fluid Power Div 
116 25th St. Moline 2-4282 
INDIANA 
Fort Wayne—Neff Eng. Co., 2339 
Crescent Ave. Eastbrook 7391 
South Bend—Neff Eng. Co., 103 
S. Varsity Drive. Central 2-4856 
indianapolis—Neff Eng. Co., 6101 
College Ave. Clifford 5-5418-19 
Evansville—Neff Eng. Co 2509 
Washington Ave. Greenleaf 17-4141 
IOWA 
Miller Fluid Power Div., 916 25th 
St Moline, Lil. Moline 2-4282 
KANSAS 
Kansas City, Mo.—Miller Fluid 
Power Div 410 West 40th Ter 
race. Valentine 1-7475 
KENTUCKY 
Louisville—Charies Weber Co.. 536 
Eastern Parkway. Melrose 7-2574 
MARYLAND 
Baitimore—Miller Fluid Power 
Div 1515 Kirkwood Rd 
Ridgeway 7-9424 
MASSACHUSETTS 
Boston—Gibson Eng. Cx 
Commonwealth Ave 
Aspinwal 7.5074 
MICHIGAN 
Detroit—Miller Fluid Power Div 
7338 Woodward Ave Rm. 404 
Trinity 2-144! 
Grand Rapids—J. N. Fauver Co 
2147 Englewood Drive 
Cherry 5-1247 
Flint—J. N. Fauver Co.. G. 3140 
E. Hemphill Rd. Pilgrim 2-3300 
Kalamazoo—J. N. Fauver ( 343 
Glendale Bivd. Fireside 2-1684 
MINNESOTA 
Minneapolis——Miller Fluid Power 
Div 2800 Foshay Tower 
Federal 5-0449 
MISSOURI 
St. Lewis—Sturgis Equip. Co., 601 
8. Taylor Ave. Olive 2-5380 
NEW YORK 
New York City<. H. Ribble Co 
31 Di Carolis Court, Hackensack 
N. J. Diamond 2.2602 
Rochester—Millier Fluid P 
Div., 114 Thistledown Dr 
gress 6-1660 or Browning | 
Buflalo—Miller Fluid Power Div., 
28 Church St. Madison 3993 
OHIO 
Akron. Youngstown —Miller Fluid 
Power Div P. O. Box 150, Se 
bring. Ohio. Sebring &-6368 
Cleveland—Miller Fluid J ower 
Div 12703 Triskett Rd 
Clearwater 2-3131 
Dayten—K. €. Mosier Co., 628 
Ludlow. Michigan 9805 
Columbus—K. ©. Mosier Co, 549 
N. Columbia. Capital 1-7120 
Lime—K. ©. Mosier Co., 1566 N 
Union. Phone 6-8616 
Cincinnati—K. C. Mosier Co 
6119 Cary. Garfield 1-1023 
Tolede—J. N. Fauver Co.. R.F.D 
Dutch Road, Waterville, Ohio 
Waterville 3598 
PENNSYLVANIA 
Philadeiphia—Miller Fluid Power 
Dis 1468 York Rd.. Abington 
Pa. Turner 4-4905 
Pittsburgh—Ralph Hiller Co.. 4133 
Brownville Rd. Tuxedo 2-7353 
TEXAS 
Houston—Hydraquip Corp. 6645 
Navigation Blvd. Walnut 6-8301 
Dalias—Hydraquip Corp 349 
Oaklawn. Lakeside 6-1742 
WASHINGTON 
Seattio—George W. Warder 
1305 Dexter Ave. Alder 0622 
Adams 0150 
WISCONSIN 
Milwaukee—Fluid Power 
(o., 3320 Green Bay Ave 
Concord 4-0046 
QUEBEC. CANADA 
Montreal—-Miller Fluid Power 
Div., 980 45th Ave.. La Chine 
University 1-1304 
ONTARIO, CANADA 
Toronte— Miller Fluid Power Div 
4158 B. Dundas St.. W 
Belmont 3-0831 
Hamilton—Miller Fluid Power 
Div., 942 King St.. W. Hamilton 


Equip 





reliiile)h ae Vd oe AU\) SEAL 


Leaky Connection 


To Standard Pipe Thread Connections 


TO SECURE 


a. For all Fluids, Gases, Chemicals, and Solvents 
(except hot fluorine and alkali metals) 


.For HIGH and for LOW TEMPERATURE 
operations 


>. For HIGH and for LOW PRESSURES or 
VACUUM 


. For SHOCK and VIBRATION conditions 


a. Waste and Mess 


SATISFACTION . Fire and Accident Hazards 
GUARANTEED 
When properly installed according to the a Overtightening 


simple instructions, [Av SEA Fittings ore 
UNCONDITIONALLY GUARANTEED to give « arty . oti > ~4 > 

he nr pec Pgs gs Meggat . Teardown of sections to retighten single fitting 
ating conditions of your money will be G . d d 
cheerfully refunded upon return of the fit % ooe ipe ope compoun 
tings to the Fis QQitm Divis'on, 2040 N y P P P P 
Hawthorne Ave., Melrose Park, Ii! 





Guaranteed Operating Ranges 


Pressure Range From Vacuum (10 

microns) to 3,000 psi (10,000 — 15,000 psi 
proof pressures depending upon NPT size) 
(Customers have reported satisfactory 


operation ot 5,000-10,000 psi) 
Temperature Range From —100° F. to 
plus 500° F a 
Fluid Media Range All Fluid Media ex 
cept hydrofluorine gas, molten alkali met 
als, and chlorine trifluoride b 


. Maintenance Labor 


. Fluids, Gases, and Chemicals 








>. Production Downtime 





=) . Expensive Components 


TRU.) SEAL DIVISION 


Flick-Reedy Corp. 
2002-04 N. Hawthorne Ave., Melrose Park, II! 


2 T 
Telephone Fillmore 3-4500 jie. FLUID POWER DIVISION is also a division of the Flick-Reedy Corporation 





ONnNGER SERVICE 
INSTALLATION maans 


coRrRECT 


ee, Cl NG 

; og wes TALL! 
PAPORTANT THINGS TO BEN hy 
RORRUGATED FLEXIBLE MET cuqaned ton 
* ere ee = 
ree tundementa! pom nen te 
beads Shove O - 
oo 


New catalog simplifies selection 
and ordering of flexible metal hose and tubing 


Here’s the most complete, most up-to-date catalog on 
flexible metal hose available today. 

Full description of the two basic types of flexible 
metal hose: corrugated metal tubing and strip-wound 
hose. Suggestions on correct installation of flexible metal 
connectors — specifications, bend diameters, length of 
tubing needed. Type designations and descriptions of 
flexible hose and tubing made of brass, bronze, alumi 
num, stainless steel, steel, Monel Descriptions of end 
fittings 

Guide to special flexible metal hoses for special jobs: 
Vibration Eliminators; Flexpipe* flexible connectors; 
Presstite’ connectors for laundry and garment pressing 
machines; Bracketubes for steam-heated platen presses; 
Sealtite* flexible, liquid-tight electrical conduit; tank 
car unloading hose assemblies; tar and asphalt hose 
assemblies; insulated hose; exhaust and air intake hoses 
flexible lamp arms; shielding conduit; Flexlube* oil feed 
and coolant lines; and other products for special services 


Trademark tReg. U.S. Pa on 
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flexible metal hose and tubing 


AN ANACONDA PRODUCT 


MAIL COUPON TODAY FOR YOUR 
FREE FLEXIBLE METAL HOSE AND TUBING CATALOK 


The American Brass Company 
American Metal Hose Division 
Waterbury 20, Conn J 


Please send me a free copy of your new flexible 


G-560 


Gentlemen 


meta! hose and tubing catalog 
NAME & TITLE 
COMPANY 
ADDRESS 


CITY, ZONE, STATE 





1. What's more 
“stainless” than 
“stainless steel’’ ? 


2. What's the 
newest in 
rotary pump 
alele) cae) os-m4 


3. It comes in 
70,480 combina- 
tions. Can you 
name the line ? 


4. Whose pumps 
would you have 
(ole lalemlamaals 
Merrimac ? 


NY Toyarice) ara 

















WHAT’S YOU 


1. Answer: Worthite*. Worthite is 


Worthington’s super stainless steel for 


chemical pumps. Containing over 50 
more alloy than 18-8 stainless, Worthite 
gives one third greater corrosion cov- 
erage for just a few cents more pe} 
pound. Bulletin W-350-B4 has complete 
details about Worthite. 

2. Dual suction and discharge openings 
are the newest idea in rotary pumps. 
Available on the new Worthington 
Monobloc Rotary, they allow a choice of 
28 different piping arrangements. In 
addition to simplified hook-ups, the new 
Worthington Monobloc Rotaries have 
many new convenience features such as 


shaft diam 
Flexible 


and 
alignment. 


standardized flange 
eters to eliminate 
coupling allows rapid pump replace- 
ment without disturbing motor. For 
more information write for Bulletin 
W-484-Bl. 

3. The pump 
the 70,480 combinations available in 
Worthington SESC line. An abbrevia- 
tion for “Standard End Suction Cen- 
trifugal,”” SESC pumps are the most 
versatile, most flexible you can buy 
They give you a choice of 5 types of 
liquid ends, 4 materials of construction, 
2 shaft sealing methods and 5 different 
drives. Write for Bulletin W-300-B4. 


you see is just one of 


4, Even back in 
appreciated the value of pumps built by 
Worthington. Both the Merrimac 
the Monitor were equipped with Wor- 
thington pumps. Today as then, when- 
ever men must move liquid, they turn 
to the company with a reputation for 
reliability. Worthington Corporation, 
Harrison, New Jersey. 4 
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PRECISION “O” RINGS 


Quality proved by all ASTM Tests 


Precision “O” Rings made from Compound 830-70 meet 
or exceed all the SAE 120-R requirements for heat, oil 
resistance and other properties. 

100% better compression set. Remarkable superiority in 
300° F hot oil. 100% better Fatigue Test life. 

For manufacturers of automobile, machine tool, farm 
equipment and similar equipment, Precision Compound 


830-70 is your answer to positive long sealing life 

Have a sealing problem? You'll find the answer at Pre- 
cision! There's a Precision engineer ready to help you 

Get your free copy of our engineering data sheet on 
Compound 830-70 


Specify Precision —first in Quality 


"O” Ring and Dyna-seal Specialists 


3110 Oakridge Drive, Dayton 7, Ohio 
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Canadian plant at: Ste. Thérése de Blainville, Quebec 
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HYDRAULIC 


¢, =, 


SPECIAL DESIGN 


ca 
ra) 


Manufacturers of PNEUMATIC AND HYDRAULIC CYLINDERS AND BOOSTERS 
Distributors of HUPP THREADLESS SUBPLATES AND SWIVEL-LOK FITTINGS 


463 YORK 
DETROIT 2 





THREADLESS SUBPLATES FOR 
STANDARD HYDRAULIC VALVES 
mene oe INDIVIDUAL 
SUBPLATE 
SWIVEL-LOCK 
ELBOW 


RING-WEDGE 
ADAPTER 


(WITH SLOTTED 
PIPE THREAD) 


MULTIPLE 


LONG INSERT SUBPLATE 


COMPLETE DESCRIPTION & DATA 
FOR CYLINDERS — 12 pp. BULLETIN PSC 57 


STD. 37° FLARED TYPE 


COMPLETE DESCRIPTION & DATA FITTING ELEMENTS USED 


FOR HUPP DEVICES — 8 pp. BULLETIN H 55 & 56 
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Sm pereeeee« CONTROBS 


for DURABILITY... 


CONSULT 


WATERMAN 


Waterman controls are known for their ac- 
curacy, dependability, safety, and low main- 
tenance cost. 


Adjustable Flow Regulators range from 0.5 GPM to 20 
GPM. They maintain a constant rate of flow regardless 
of resistance or pressure fluctuations. 


No. 1 Check Valves are one piece, Nylon Poppet, aluminum body and low 
pressure drop. 


No. 2 Micronic Line Filters have operating pressures to 3000 psi, 40 micron 
filtration, replaceable elements, and are available in 38” and 34” NPT 


No. 3 Solenoid Valves are inexpensive, com- 
pactly built units for hydraulic systems han- 
dling non-corrosive fluids. Capable of con- 
tinuous operation for working pressure to 


3000 psi. 


No. 4 Unloading Valves for 
pressures to 3000 psi. Flow &> 
rates to 30 GPM. Fast acting, 
maintain desired pressure 


without continuous readjust- 
ments. 1) 
Gulletin Ea Write for data 
on any of 
these 
WATERMAN products 


Fe, ~ “ia ‘> te ‘ T4e4 
4 2 -*4 “+ ‘ es >; 
r- A tc a feg bk * y 


we Bee e's e%e 
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WATERMAN ENGINEERING COMPANY 


725 CUSTER AVENUE EVANSTON, ILLINOIS 
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2-Way 
3-Way 
4-Way 


CAM 


FLOW 


FOOT 


HAND 


INTERLOCK 


AIR-CONTROL 
CYLINDERS 
and VALVES 


Airmatic Cylinders and Valves are 
doing more and more to guarantee 
the most dependable Automation. 
Easy to operate, yet compactly design- 
ed, they have the inherent ruggedness 
so necessary for grueling operating 
cycles. Available from stock, they 
assure minimum maintenance and 


lowest service cost. And an Airmatic 
Engineer is as near as the telephone 
to help in the selection of the right 
valve or cylinder for the specific appli- 
cation. Shown on this page are just a 
few of the hundreds of standard 
Airmatic units available for your 
selection. 





2-Way 
Pilot 
Operated 
“" - 3" 


2-Way 
Direct 
Solenoid 
4%". 2” 


2-Way 
Cam 
Controlled 
%”.2” 





3-Way 

Pilot 

Operated 
- 4" 


3-Way 
Cam 
Controlled 
%” .1" 


3-Way 
Direct 
Solenoid 
%”" .1" 





3-Way 
Sequence 
Time-Delay 


3-Way 
Solenoid 
Pilot 


¢% 


hei 


“4 mea | Pressure 


Regulator 


a ¥4".%¥%" “uo. i” 


PILOT 
* 4-WAY MASTER VALVES 


Pipeline 
Strainer 














uncon | ASK 


SEQUENCE VALVES 
mie & 
SOLENOID = te CATALOG 
. @ PILOT SOLENOID 


Base mounted pi iis flow ag 
TIME DELAY Standard pipe sizes: “%", %”, A”, 


AIRMATIC MALUE, Inc. 


7317 wna AVE. CLEVELAND 9, OHIO 
Phone: WOodbine 1-5320 
WESTERN UNION: Airmatic Valve, Inc., FAX, Cleveland, Ohio 


All valve deliveries 
are made from stock. 








RIRMATIC Unive 


. Inc. 
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le tse p.naer Wor- 
Tens tle to fire, 


\ SE \Uietery 


a 


if: 


ant 


Plan against it 


A for the first quarter of 
Sup 16.7% overa Yrar as 


. not for it 


Cellulube fire-resistant hydraulic fluids and synthetic lubricants open up new areas of in-plant fire prevention 


The stakes are high— personnel, equipment, 
production, reputation. No one has better rea- 
sons than industry has to plan against fire. 
And with today’s advances in chemistry, in- 
dustry has never had more effective and spe- 
cialized materials with which to do just that. 
Cellulube fire-resistant hydraulic fluids and 
synthetic lubricants are good examples. In 
hydraulic equipment, they reduce the danger 


Basic reasons...... 


Acids 
Aiconoils 
Aidehydes 
Anhydrides 
Esters 


Functional Fiuids 
Gasoline Additives 
Glycois 

Ketones 

Oxides 


Polyoils 


Saits 
Solvents 


Pilasticizers 


Viny! Monomers 


of uncontrollable fire caused by line breaks 
or other failures when flammable fluids are 
in use. In air compressors, these non-petroleum 
oils not only prevent excessive carbon forma 
tions—the main source of fire and violent 
explosion — but also meet the severest of lubri- 
cation requirements. 

Minimizing the hazards of industric] opera- 
tions through development of fire-resistant 


CHEMICALS 


Cellulubes making these functional 
available in 6 controlled 
broader application 


fluids 
viscosities for 
this is another ex 
ample of Celanese research and product de 
velopment at work hand-in-hand with industry 

Celanese Corporation of America, Chemical 
Division, Dept. 547-X. 180 Madison Avenue 
New York 16 


Celanese® Cellulube 


. for improved products 


Agricultural Paper 


Automotive Pharmaceutical 
Aviation Plastics 
Building Surtace « ating 


Electrical Textiles 





For Precise SPEED and 
TIME DELAY CONTROL 


OF AIR OR HYDRAULIC 
CYLINDERS 


TIME DELA 
CONTROL SWITCHES 


Pneu-Trol Valves combine in 
a short, compact body, a ta- 
pered fine thread needle for 
extremely accurate air or oil 
flow control and a floating 
retro ball check, which 
permits full flow in the opposite 
direction. Retro ball floats in 
most sensitive position to seat, 
requiring only a slight differ- 
ential pressure to fully open 
or close it. Check valves and 
needle valves, incorporating 
single function features of 
Flow Control Valve are also 
available. All valves made in 
5 female pipe sizes: 4%" to %’. 
Valve bodies made from brass, 
aluminum, steel or stainless 
steel. 

















TIME DELAY 
CONTROL SWITCH 
FOR PRECISE DELAY 
OF WORK CYCLE 


Provide controlled adjustable 
time dwell of solenoid operated 
air or oil supply valves. Range 
between 4 and 60 seconds in 
20 to 1 ratios. Compact— 
simple—foolproof—rugged 
Easily mounted on machine. 
Available for various types of 
actuation. Typical diagram 
below. 


Preutrol DEVICES, INC. 


1440N K iting Ave Chicago 51, Ill 








Year after year 


4-WING TYPE. Vacuums to 20” Hg.; 
pressures to 15 ibs.; displacement to 
162 «<.f.m. Wings hinged to pistons 
maintain continuous sealed contact 
with cylinder walls by centrifugal 
force. Small pistons, lerge air cham- 
bers, greater capacity 


—Get steady, positive 


HIGH VACUUM 
AIR PRESSURE 


up to 
29.9” hg. 


up to 
20 psig. 


2-WING TYPE. Vacuums te 29.9” 
Hg.; pressures to 20 Ibs; displacement 
te 40.8 ¢.f.m. Automatic wing adjust- 
ing lever forces wear-resistant steel 
blodes to cylinder walls, preventing 
sticking or binding, maintaining posi- 
tive vecuum or pressure. 





—with Compact, “Lifetime” 


LEIMAN aotary AIR PUMPS 


‘ 


New! 

Air-cooled High Vacuum Pump 
Vacuum to 29.9” hg. 15 to 40.8 
c.f.m. Operates at 140°F. Write 
for folder. 

Other types: 
* Integral Pump and Motor 
* Double Cylinder Type 
* Direct Connected models 
* Avtomatic-contro! units 


hen you design a machine to 

operate with specihx vacuum, 
suction or air pressure—specily 
Leiman Air pumps to be sure of fully- 
rated capacity for the life of your 
equipment. Forget about custome: 
complaints, shutdowns or service calls 
due to air pump trouble 


Leiman Air Pumps are designed and 
constructed to take up their own 
wear—provide leakless wing-to-wall 
seal for years and years. Fewer moving 
parts—no tips or blades to renew 
no maintenance except occasional 
oiling. Over half a million installed 
Representatives and engineering assist- 
ance available in all industrial centers 
Tell us your needs 


* Write for 12-page Catalog, plus 
Application Book showing 60 “how- 
to-do-it” biveprints. 





LEIMAN 


Rotary AIR and 


VACUUM 
PUMPS 


The “Lifetime” Pumps 
that take up their own wear 
Higher vacuwm- 
larger volume-longer life 








LEIMAN BROS., Inc. = 


10/ Christie St., 
Newark 5, NJ. 
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MARVEL Synclinal FILTERS 
ApS 


For Hydraulic Oils, Fire-Resistant Fluids, 
Coolants, Lubricants and Water 


For either sump or line installation on all hydraulic and other low pressure circulating systems. 


Both types are easily disassembled, thoroughly cleaned and reassembled in a matter of minutes. Line 


type operates at full efficiency in any position and may be serviced without disturbing pipe connections 


Choice of OVER 750 O. E. M.'s as Standard Equipment 
MEET J. I. C. STANDARDS 


4 SUMP TYPE — 


SUMP TYPE ENGINEERING DATA 

| 
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PARTS 1 
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Coupling 3. Reinforced Synclinal insert S. Exponded Metol Protective Housing 


Top Cover 4. Bose ond Perforated Centering Tube 6. Neoprene Washers (Top and Bottom) 














Mee Pipe orm Mer 


Suse 
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“D-%-8 
uC-1-10 
NB-1%-20 
NA-1%-30 


4 » NA-2-50 ? $ 
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LINE TYPE DIMENSIONAL CHART (++) 





Mode! . a 





ME-M-S 


— -i+ 
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UO-%-8 


MC-1-10 


MB-14-20 


t 


MA-1%-30 o* 10%, 6 


mores: 


SMA-2-50 6% 10%." . 





























"Since Marvel Syncing! Line Type Filters con be set ery powhon thes ot the top. Uhewne, if the ter 6 ploced horizontelly o at any othe 


deorance space need not be below the filter. If the filler & ploced ongle, cleorance wpoce will be needed accordingly 


vpword instead of downword. then the leorance pace wovid be needed 


PARTS LIST Perforated Centering 


Tube ond Base 


11. Head Casting 
12. "O” Ring (Smolt) 


8. Neoprene 
Washers (Top ond 


1. Outer Housing Bottom) 


2. Tension Spring 


3. Metal Washer 


Reinforced Synclino 


Insert 


Expanded Meto! Pr 


For Hand Nut 
i 
9. Top Cover 13. Hond Nut | 


10. “O” Ring (Lorge? 
For Head Casting 


f) 


hs ee ee ew 
ee ee ee 
+ 


mi 


4. Neoprene Gosket tective Housing 


(**) 75 and 100 G.P.M. capacity Line Type Filters also available. See catalogs for Dimen- 
sional Charts and Engineering Data. 
Catalogs Containing Complete Data Available on Request 


Catalog +108—For Hydraulic Oils—Coolants—Lubricants 
Catalog +200—For Fire-Resistant Hydraulic Fluids (Aqueous Base) 
Catalog +400—For Fire-Resistant Hydraulic Fluids (Synthetic) 
Catalog +301—For Water 


MARVEL ENGINEERING COMPANY 


7227 N. Hamlin Ave. Chicago 45, Ill. Phone: JUniper 8-6023 
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MOLDED PACKINGS 
a complete Cine forthe design enquneer ! 


Palmetto Molded Packings comprise a complete line that en- 
compasses every design need. Designed for you originally 

.. refined for you constantly...they are always abreast of 
latest mechanical developments. Make your choice—for better 
product performance: 


PALMETTO G.T® RING For use as static or 
dynamic seal in hydraulic or pneumatic service. Seals without 
extruding or spiraling at all pressures to 20,000 psi. Simplifies 
design... reduces machining operations ... minimizes overall 
size of equipment. 


PALMETTO PYRAMID® _ 1. champion where a 
multilip seal is preferred. Rugged design offers plus service 
life when used as 4 rod, ram, plunger, or piston seal at high 
pressures. 


PALMETTO O-RING-» popular seal for low and 


medium pressures. Simplifies design—saves space. Also recom- 
mended for gasket applications 


PALMETTO KUP —A popular piston packing available 


in a variety of fabrications to seal the standard or new syn- 
thetic fluids. More resistant to heat than leather... will not 
dry out in air. 


PALMETTO FLANGE -5o: rod packing in low pres- 
sure service. Adaptable to reciprocating or rotary motion. Also 
used as dust seal. 


and the NEW Improved 
WC AY Patmerro urine... 


cylinders made from commercial tubing honed up to .030 over nominal sizes. Same 
sizes available in synthetic or fabric construction permits interchangeability of 
packing in low or high pressure cylinders. ALLOWS STANDARDIZATION OF COM- 
PONENT PARTS...INCREASES EFFICIENCY... REDUCES FRICTION. ALSO RECOM- 
MENDED AS ROD SEAL. 

Solve your sealing problems with Palmetto Molded 

Packings. Avail yourself of special literature help- 

ful to the design engineer . . . Write 

for Manual MP-200 today. 


a 


J 





Golenoid Operated AIR VALVES 


conform p all J.1.C. Standards 


Stop Your Solenoid Troubles with AV VALVES 
Designed & Engineered for Many, Many Millions 
of Trouble Free Operations & Backed by | Year 

UNCONDITIONAL GUARANTEE 


3-WAY IN-LINE 
or BASE MOUNTED 
V4 = %e-Ve-%-1-1% 
eee es 
4-WAY 
BASE re 
%-%-'- 


COMPLETE LINE OF 
AIR CONTROL VALVES 


ip STOCKING 
~UBB representatives in 
IMPORTANT INDUSTRIAL 
CENTERS 








Write for Bulletin and New Low Prices 


AUTOMATIC VALVE CO. 


37425 GRAND RIVER AVE., FARMINGTON. MICH. 


Foster's AUTOMATIC Quick Detachable Coupler 


CUTS YOUR COUPLER COSTS 
ON HEAVY DUTY WORK 


THE FOSTERMATIC 
“BULLDOG” Grip 
“Dogs” are contoured 
to grip 41% of plug 
locking surface. 


*“‘Dogs’’ instead of 
“‘balls’”’ lock steel against 
steel... hold tighter, 
without leakage . . . posi- 
tioned by “floating steel 
cearrier’’ which absorbs 
vibration of pulsating air. 
Chrome sleeve is of stress- 
proof, heat treated steel to 
withstand roughest treat- 
ment. The Fostermatic is 
right for 90% of all uses. 


Send for New Catalog Data Book #110 — No Obligation! } 


packing ma prone my ope = 
GREENE, TWEED & CO.roiixasn, 2 PFOSTER MEG. CO., INC. 
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NOW! Have Reliable Lubrication 
at Minimum Cost = 


Models LFD and RFD 

Capacities 60-180 g.p.h. at 1800 r.p.m. 
Designed for non-directional service; for 
flange mounting with internal porting. 
Variations for external porting and/or 
shaft seal are shown below. Model rrp 
has the automatic reversing feature 
which permits driving the pump in either 
direction... without changing direction of 
flow or port positions 





Models LF and RF 
Capacities 55-170 g.p.h. at 1800r.p.m. 3 
rm wa 


Designed for flange mounting with- ALTERNATE ~ 2 < 
out shaft seal; with choice of internal SHAFT DRIVE 


or external porting. Model rF has ae: | 
automatic reversing feature which ENDS — 
permits driving the pump in either For All | 


direction...without changing direc- Model 
tion of flow or port positions. odels 


i 


MODIFICATION "A" MODIFICATION "B" 





Tuthill “Cartridge-Type” Pumps Solve This Problem 
for Plant Maintenance...and 
Original Equipment Manufacturing 


Durable—Reliable—and Available from Stock! 


1. The demand for minimum cost lubrication b. Pumps with...or without...a shaft seal 
pumps without sacrifice in performance, durability c. Pumps with internal...or external... porting 
and reliability is ideally satisfied by the TUTHILL 
series of Models LF, RF, LFD and RFD cartridge- 
type pumps. 


d. Pumps with variations of both internal and 
external porting 


4. TUTHILL Catalog Section 108 contains line 
drawings showing each model in detail, shaft ro- 
tation and porting arrangements and other vital 
Statistics to help you select the RIGHT model. Fill 
out the attached coupon—or write 


2. TUTHILL “cartridge” pumps get their reputa- 
tion as cost-savers from their special design for 
original equipment use, their durable construction, 
their reliability...and the fact that they are avail- 
able from stock. Note their compact size as shown 
in the photos above. Consider how all waste space TUTHILL PUMP COMPANY 
has been eliminated for more adaptability. Think 967 E. 95th Street, Chicago 19, Illinois 
how they can be easily applied to your own re- Gentlemen: 
quirements.. .in your plant...or in your equipment Please send me Catalog Section #108 

. Please send the complete catalog on the Tuthill line 
manufacturing plans. Have your representative call 
3. These variables are available: NAME_ - 

a. Pumps with...or without...automatic re- COMPANY 


versing performance ADDRESS 


cITY — ZONE STATE 


Tuthill Manufactures a Complete Line of TUTH ILL PUMP COMPANY 


Positive Displacement Rotary Pumps in s c 19, 
s,: d “ " = sis 
Capacities from 1 to 200 GPM, for Pres- howin ieee age YOUR PURP 


Canadian Affiliate 
Sures to 600 PSI Speeds to 3600 RPM snpereett Machine & Tool Company, Ltd., Ingersoll, Ontario, Canada YOUR PURPOSE 
4 : . 
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LENZ COMPANY 


J68 


TUBE FITTINGS 


Tapered or Straight Thread 


O-RING 


Not 
Necessary 
to Cut 
Tube Square 





PATENTED @ PATENTS PENDING 


Seal and 
Grip are 
Separate 


Held By 

Friction 

Grip of 
j.1.c. approveo These Two 


NO METAL TO METAL SEAL! 
NO EXACT TUBE LENGTH NECESSARY! 


Lenz fittings seal with stand- 
ard, stock O-Rings. At zero 
pressure the initial compres- 
sion furnishes necessary seal- 
ing force . . . the higher the 
pressure the tighter the seal 
Every joint becomes a union! 





LENZ FITTINGS pay for them- 
selves over and over again by 
reducing installation and main- 
tenance costs...only a hack- 
saw and a file needed...no 
periodic tightening... remain 
leakproof and reusable no mat- 
ter how often reassembled 
Ideal for all tubing 

on hydraulic, air or 


vacuum systems 
REDUCER 


SPLIT NUT 
TAPERED 
REDUCER RING 
COUPLING 


—— 
bie LENZ REDUCER 
. COUPLINGS 


Makes possible line reductions on any 
leg by use of standard adapters and 
adapter nuts. Eliminates large inventory 
of special fittings and possibility of ob- 
solesence from engineering changes 
Full range of sizes 


OTHER LENZ PRODUCTS 
In addition Lenz manufactures and sup- 
plies a full range of sizes in HYDRAULIC 
TUBING .. . INDUSTRIAL HOSE... 
STEMS and JOINERS . . . DEBURRING 
CUTTERS . . . TUBE CUTTERS .. . and 
TUBE BENDERS. See our ad in Thomas 
Register, under Fittings: Hydraulic, for 
complete listing 


Free / 
== Quilt newly re- 


leased LENZ catalogs 
for complete product 
line and sizes on above 
products ...Ask to be 
put on our mailing list 
Representatives In 
Principal Cities 


3307 Klepinger Road 
DAYTON 1 + OHIO 
Phone: CRestview 7-9364 





Catalogs 


and 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 





(V-1) Aircraft Components—Catalog 
101, 88 pp. Contains data on pres- 
sure hoses with detachable reusable 
fittings for air, water, fuel, lube and 
hydraulic applications. Also provides 
to fiuid line problems encountered by 
designers, and supplies data on bend 
radii of hoses, installation techniques, 
and assembly procedures. Aeroquip 
Corp., 300 S. East Ave., Jackson, 
Mich 


(V-2) Corrosion-Resistant Fittings 
Catalog, 21 pp. Contains diagram and 
data on elbows, flanges, gaskets, re- 
ducers and connectors. Horace T. 
Potts Co., Erie Ave. and D St., Phila- 
delphia 34, Pa. 


(V-3) Hydraulic Cylinders—Bulletin 
5768, 10 pp. Provides information on 
the construction and features of 2000 
psi units, including trunnion-mounted 
cylinders. Vickers Inc., Detroit 32, 
Mich 


(V-4) Fhp Centrifugal Pumps—Bulle 
tin, 8 pp. Contains diagrams and data 
on uits in five sizes from %4 to 2 in. 


(V-5) Symbols for Fluid Power Dia- 
grams—As sponsor for ASA Sectional 
Committee Y32 on graphical sym 
bols and ASME an- 


nounces distribution of this proposed 


designations, 


standard for criticism and comment 
ASME, 29 W. 39 St.. New York 18, 
N. Y. 


(V¥-6) Control Devices for JIC Stand- 
ards—Bulletin GEA 6317, 12 pp. 
Contains data on machine tool relay, 
oil-tight pushbutton, solenoid, limit 
switch, miagnetic starter, plugging 
switch, and pneumatic time-delay re- 
lay. General Electric Co., Schenectady 
> ¥ 
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NEW {TULL CONOSEAL TUBING JOINT 


ASSURES PERFECT FLUID LINE SEAL AT EXTREME TEMPERATURES AND PRESSURES 


Problems of connecting tubing and ducting of dissimilar metals subject 
to extreme temperatures can be solved with the new Marman Conosecal 
Tubing Joint. An all-metal joint, it provides metal gasket compression 
with the flexibility and sealing qualities formerly obtained only through 
use of organic seals. The Conoseal Joint withstands linear deflections up 
to 1/16-inch without sacrificing a perfect seal. The seal is maintained 
under extreme pressures and temperatures even on joints with material 
transitions, in which steel and aluminum alloy plumbing are joined 


The Conoseal Tubing Joint is available in three different operating 
performance ranges to meet varied applications. Standard sizes from 
1” to 12” O.D. tube size, with special sizes designed to your require- 
ments. Write today for full engineering details. 





Operating Temperature Max. Pressure 
Range Range (° F.) (3” Size @ 70° F.) 


HIGH PRESSURE PNEUMATIC 
SYSTEMS « LIQUID OXYGEN 
SYSTEMS « HYDRAULIC SYS- 
TEMS « EXHAUST SYSTEMS 
e FUEL SYSTEMS 





Low 300 to +750 1300 psig 


Medium 300 to +1000 3300 psig 


High 300 to +1600 testing still in 


progress 














Marman MB-11 Universal Joints 





For connection and disconnec- 
tion of aircraft tubing. Flange 
ends mate with all-metol 
gasket to provide positive 
seal for fluid and gaseous 
systems up to 2000 psi. in 1” 
size, at operating tempera- 
tures from —300'F. to 
+-1000°F., available in 1” to 
12” O.D. tube sizes. 


For supersonic aircraft duct 
systems subject to severe flex- 
ing and vibration. Designed 
to allow 10° deflection with 
minimum pressure drop. For 
operating temperctures from 
—300°F. to +800°F. Can be 
used with J-11 Joints or as an 
integral part of the ductwork. 
In 2” and 3” O.D. tube sizes. 





For control of hot bleed air on 
jet engines. Designed for full 
fiow without flutter or high 
temperature distortion. Can 
be used with Marman J-11 
Joints. For operating tempera- 
tures up to 1000°F. and pres- 
sures from 28” vacuum to 
300 psi. 





Marman Lightweight Instrument Clamps 


For quick, easy installation of 
instruments and light acces- 
sories. Designed with weight 
savings up to 60% over 
standard clamps, this AN- 
approved type is non-mag- 
netic for universal use. In AN 
1”%", 2” and 3%” sizes, plus 
specialconfigurations and sizes. 








For easy connection and sup- 
port of components and ac- 
cessories. Marman offers a 
wide range of clamp types 
ond sizes, with four types of 
latches: T-bolt, quick-coupler, 
saddle, or thumb screw. In 
corrosion-resistant stainless 
steel and aluminum alloy. 





Marman Flexible Couplings 


For simplifying connection and 
disconnection of airframe and 
engine components joined by 
tubing or ducting. Flexible 
sleeve in coupling holds seal 
under flexing. Interchangeable 
sleeves available for hot air, 
eromatic fuels or synthetic oil. 
For temperatures from—70°F. 
to +500°F., in sizes from 
1” to 10”. 





Conosea 





is an Aeroquip Trademark 


f 


— 


DIVISION 
TERME! 
gevecroquipf/ Corporation 


wyrcor ee 


11214 EXPOSITION BLVD., LOS ANGELES, CALIFORNIA 


IN CANADA 
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AEROQUIP (CANADA) LTD., TORONTO 10, ONTARIO 
MARMAN PRODUCTS ARE MANUFACTURED UNDER VARIOUS U.S 


» CANADIAN AND FOREIGN PATENTS AND OTHER PATENTS PENDING 
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NORTHERN 
NITRALLOY PUMPS 


Neots a 


Unique block construction permits selection from a wide choice of metals 
for virtually any pumping need. Proven in thousands of installations . . . 
backed by 50 years of engineering and production experience. Unexcelled 
for precision manufacture, accurate bly and dependable, long-life 
operation. Pressures to 2,000 PSI. Capacities from \« to 146 GPM. Write 
for free catalog and engineering data. 





NORTHERN ORDNANCE, INCORPORATED 
Subsidiary 


NORTHERN PUMP COMPANY 
MINNEAPOLIS 21, MINN 





do you 
have a 


“tight seal” 


problem? 


By tomorrow morning, this fella’s problem will be solved, 
except for a headache. But if you have a problem with 
tight seals for metal-to-metal applications, it will take 
more than a good night’s sleep—United’s Metallic 
O-Rings, for example 

They fit any application calling for a positive, perma 
nent seal against internal or vacuum pressures up to 
10,000 p.s.i., in a temperature range from —70 to 1800 F 
They are especially adaptable for sealing cylinder heads, 
air and hydraulic pressures, high octane fuels, vapors, 
gases, oils, solvents, chemicals, acids, vacuum and steam 
connections. Available in various metals and plating fin- 
ishes, from *%&” dia. to any size or configuration 


For free 22 page booklet describing United Metallic O-Rings, write 
fon your letterhead please) to Department H-1 


Catalogs and Bulletins. . continued 


(V-7) Slip Ring Assemblies—Bulletin 
S-2056, 4 pp. Contains data on brush 
holder assemblies, brush and leaf as- 
semblies and contacts. Superior Car- 
bon Products, Inc., 9115 George Ave., 
Cleveland 5, Ohio. 


(V-8) Permanent Magnets—Catalog 
PM-121, 12 pp. Contains information 
on magnetic and mechanical prop- 
erties, approximate tolerances, and 
magnet assemblies. General Electric 
€o., Edmore, Mich. 


(V-9) Copper Clad Technical Book 
Brochure, 16 pp. Contains data on the 
problems of printed circuitry, selec- 
tion of laminates, plated circuits, plat- 
ing through holes, flush circuit prod- 
uction and_ circuit fabricating. 
Formica Corp., 4614 Spring Grove 
Ave., Cincinnati 32, Ohio. 


(V-10) Aircraft-Type Swivel Joints 
Catalog 269A, 12 pp. Contains data 
on plane and self-aligning units for 
hydraulic, pneumatic and liquid serv- 
ice. Barco Mfg. Co., 500-530 N 
Hough St., Barrington, III. 





(V-11) Hydraulic Hose Assemblies 
and Fittings—Bulletin 57S, 12 pp. 
Contains diagrams and data on cou- 
plings. Anchor Coupling Co., Inc., 
Libertyville, Ill. 


(V-12) Aluminum Alloy Check Valve 
—Data sheet, 1 pp. Describes % in. 
valves for 3000 psi service. Aircraft 
Products Co., 300 Church Road, 
Bridgeport, Pa. 


(V-13) Valves and Pumps—Bulletin 
H3A2, 16 pp. Details function and de- 
sign of oil hydraulic pumps, tandem 
pump and motor-pump combinations 
and control valves. Webster Electric 
Co., 1900 Clark Ave., Racine, Wis. 





(V-14) Displacement Pumps—Bulletin 
46601-B, 4 pp. Contains data on con- 
tinuous pressure, constant displace- 
ment, heavy duty, fluid power units 
for systems from 3 to 10 hp., 3000 
to 5000 psi. Oilgear Co., 1560 W 
Pierce St., Milwaukee 4, Wis. 


(V-15) Swivel Joints—Bulletin 269A, 
12 pp. Contains data and diagrams 
on plane and self-aligning aircraft 
type joints for hydraulics, pneumatic, 
oxygen, and fuel service. Barco Mfg. 
Co., Dept. J27, 500 N. Hough St., 
Barrington, Ill. 
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WHICH SHAP-TITE QUICH 
IS BEST FOR YOU? 


SNAP-TITE “H’ COUPLING 


FOR HYDRAULIC OR AIR 

“H” Coupling for high strength, higher 
efficiency, high-resistance to heavy line surge. 
Sizes: 4" thru 12”. Bulletin No. 240 





Exclusive U-packer gives a 
positive seal without com- 
pression set because of rub- 
ber distortion. Line pressure 
inside the U-packer keeps 
it open and forced against 
its metal backing—the 
higher the pressure, the 
tighter the seal. 


SNAP-TITE HI-FLOW COUPLING . 


FOR AIR AND FLUIDS UP TO 150 p.s.i. 


Hi-Flow is recommended to connect small air 
tools to plant air system, and for low pressure 
fluid transfer in small lines. 

Bulletin No. 230 





Bonded valve washer 


(pat. pending on valve construction 


+: ” ” Exclusiv e U-packer 
Sizes: 14” thru *4”. I 





SNAP-TITE “HK” COUPLING 


FOR FUMING ACIDS, ALKALIES, SOLVENTS, AND 
HIGH PRESSURE STEAM... ““HK”’ is the only 
coupling now on the market for fluid temper- 
atures from —100° F to +500° F ... and for 
live steam up to 460° F. Its seals are made 
of Teflon for which there is no known solvent. 
Sizes: 4” thru 3”. Bulletin No. 270 


SNAP-TITE NO-SPILL COUPLING . 


FOR AIRCRAFT, MISSILE HYDRAULIC, FUEL SYSTEMS 
which cannot stand air in the lines, and for 
transmitting fluids which must not spill, the 








Teflon Nipple Seal 
Teflon Valve Seal 


. Neeser | ta Valve Seal 





Flush valves prevent spill- 
age, air inclusion. Snap-Tite 


Snap-Tite no-spill coupling is recommended. 
Bulletin No. 280 


SNAP-TITE “E” COUPLING 


FOR VACUUM SYSTEMS IN THE MICRON RANGE 


“E” Coupling performs in the micron range 
in the smaller sizes both connected and dis- 
connected. Recommended, too, for gravity 
flow .. . U.L. approved for LP Gas. 
Sizes: 44” thru 12”. Bulletin No. 250 


Snap-Tite Couplings are available plain, (without valves), and 
with either single or double shut-off. Couplings normally fur- 
nished in alloy steel, but all (except hi-flow) are also available 
tn brass, aluminum, or stainless steel with a variety of finishes. 


SNAP-TITE, INC., UNION CITY, PA, 
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will engineer special vari- 
ations to yourrequirements. 





Nipple seals in coupler by 
depressing the lip of the E 
packer and slightly com- 
pressing the body of the 
packer. This new E-packer 
gives positive seal under 
high-pressure, low-pres- 


sure, and vacuum. 


Sage Whe 


SNAP-TITE COUPLINGS 
CAN HANDLE ALMOST 
ANYTHING THAT FLOWS 


ji 








WHAT'S YOUR CLAMPING PROBLEM? 


WITTEK 
HAS THE ANSWER 


Here is a selection from among the 
many different types and sizes of hose 
clamps designed and manufactured by 
Wittrexk. Whatever the hose connect- 
ing problem, it’s a safe bet that WITTEK 
(leader for over a quarter century) has 
the exact type and size clamp to do the 
job right! Let WitTek help solve your 
clamping .problems. Write today. 





Catalogs and Bulletins continued 


(V-16) Bronze Valves—Bulletin DH- 
25, 4 pp. Describes solder end- and 
silver braze-end units in gate, globe 
and check designs. American Chain 


& Cable Co., Inc., Reading, Pa 


(V-17) Pumps and Pump Motors 

Catalog 957, 12 pp. Contains dia 
grams, data and charts on rotary 
pumps and hydraulic pump motors 
Geo. D. Roper Corp., Rockford, III 


(V-18) High Pressure Hose Couplings 

Bulletin 115, 8 pp. Contains data on 
units for high pressure air, steam, gas, 
hydraulic liquids. Hose Accessories 
Co., 2704 N. 17 St., Philadelphia 32 
Pa 


(V-19) Air and Vacuum Pumps 
Catalog, 16 pp. Contains data on 
construction, dimensions and capaci- 
ties of rotary positive air and vacuum 
pumps, gas boosters and air motors 
Leiman Bros., Inc., 102 Christie St 
Newark 5, N. J 


(V-20) Pumps and Pump Motors 
Catalog 957, 12 pp. Contains diagrams 
and data on rotary pumps and hy 
draulic pump-motors. Geo. D. Roper 
Corp., Rockford, III 


(V-21) Aircraft Hrydraulic Pumps 
Brochures (2). Covers requirements 
for variable delivery pumps from %4 
to 25 gpm; 0 to 3000 psi delivery 
and, 1500 to 10,000 rpm. New York 
Air Brake Co., Watertown, N. Y 


(V-22) Reusable Hose Couplings 
Form 40-1, 12 pp. Contains data and 
charts on couplings, components and 
adapters. Alemite Div., Stewart-War 
ner Corp., Chicago 14, IIl 


(V-23) Hoses, Assemblies and Fittings 

Catalog, 8 pp. Contains diagrams 
and charts on vinyl plastic units for 
pressures up to 125 psi. Hofmann 
Engineering Co., 5601 S. Crawford 
Ave.. Chicago 29, Ill 


(V-24) Flexible Hose Assemblies 
Catalog 101, 4 pp. Contains diagrams 
and data on Teflon hose. Mic-Lin Co., 
Maple Shade 6, N. J 


(V-25) Pump Valves—Bulletin, 8 pp 
Describes unit which incorporates a 


WITTEK MANUFACTURING COMPANY 
4338 West 24th Place + Chicago 23, Illinois 


taper-lock stud, self-locking nut and 
drop-on guard. Durabla Mfg. Co 
114 Liberty St.. N. Y. 6, N. Y. 
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¢ PUMP-MOTORS 


P TO 11.5 HP OUTPUT 


Roper Hydraulic Pump-Motors — like famous Roper Rotary Pumps — operate 
on the principle of two equal size, smooth-running gears in a precision-fitted 
case. These units offer low speed and high torque, and their versatility finds them 
well suited to heavy duty service within their operating range. They run equally 
well in either direction both as pumps or motors .. . can be direct-connected 
without speed reducers . . . are easily installed, and are outstanding in safety and 
economy. Roper Hydraulic Pump-Motors are available in foot or flange models 
as shown. Recommended speed range on larger sizes is from 200 to 800 RPM 
with pressures to 800 PSI. In this range they require from 7 to 40 GPM flow 
and will develop up to 11.5 HP output at maximum speed and pressure. Smaller 
sizes may be operated up to 1200 RPM and up to 800 PSI, requiring a flow of 
16 GPM to develop up to § HP output. 


APPLICATIONS 


ndie Drive and Work Positioners 
Milling Machines 
Revolving Work Tabies 
Operating Revolving Doors 
f Opening and Closing Garage or Hanger Doors 
nding and Unwinding Winch Cable Driving Pumps on Hazardous Liquid Dispensing 
P ssiti ning Grader Blade Systems from Remote Power Source 
Revolving Cement Mixer Barre Driving Mixers for Hazardous Mixing Operat 
Operating Boom and Bucket Driving Materials Handling Conveyors, et 


DOUBLE SHAFT 


F MOUNTED 
FIG. 1628-1630 Lanes BON 


FIG. 1615 
FOOT MOUNTED, SINGLE 
SHAFT, FIG. 1627-1629 


Roper Series F Pumps are used as an integral part of 
high-low hydraulic systems, as well as on positioning 
devices, indexing tables, and other low pressure 
cylinder operations. They are recommended for pres 
sures up to 300 PSI when pumping lubricating oils 
All sizes except 300 GPM can be furnished with 

built-in relief valve, if desired. Series F Pumps have 
many features which promote unusual dependability 
and long life in a wide range of installations. 


Bearings and Backplate: Four flange-type bearings 
two on each side give ample support to pumping 
elements. Oil grooves provide hydraulic lubrication 
Rugged backplate carries pipe connections and per 
mits removal of internal parts without disturbing 
piping or drive. 


4-Port Design: Eight optional piping arrangements, 
four for clockwise and four for counter-clockwise 
rotation. Cuts installation time and cost 


Roper Series H Pumps are used widely for all types of 
hydraulic mechanisms, steel mill equipment and in oil 
field gathering line service where high pressures are 
required. They are recommended for pressures up to 
1000 PSI when pumping lubricating oils and are de- 
signed to operate at direct motor speeds. Mechanical 
Seal units can be supplied, if desired. External relief 
valves are usually recommended for all installations 


Splined Drive: Drive shaft separate from drive gear 
absorbs thrust loads 


Rolier Bearings and bronze wear plates, two on each 
side, reduce friction for handling heaviest loads 
Journal and bearing continuously lubricated by 
hydraulic action. 


Spur Gears provide highest volumetric efficiency at 
high pressures, and operate in axial hydraulic and 
mechanical balance. They are hardened and accurately 
shaved and ground 


CUSTOM PUMPS 
If you require special adaptations of standard Ropers 
x custom pumps for specific needs, Roper is read 
serve you! 














The two charts above show rep i hy of Roper 
Pump-Motors — operating as pumps and as motors at the normal renee 
of speeds. These curves cre bosed on tests af 800 PSI using 330 SS 
oil. Complete date sent upon request. 


to 1000 PSI) 


SIZES and CAPACITIES—pump head only 
Dato is based on overage performonce of pro 
duction run pumps on 300 SSU off at 100°F 
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SIZES and CAPACITIES 





1000 Lbs. PS 
Pump 





Size Mox 
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= Flanged ct Comp flanges not 
regularly furnished. Other sizes ore supplied with 
tapped connections 





Geo. D. Roper Corporation 
380 Blackhawk Park Ave.. Rockford, iti 





600 


MCDONNELL 
CONTROLS 

FOR PRESSURES 
TO 250 psi.: 


No. 192 
Illustrated 


MCDONNELL 


92 SERIES 


Pump Control, Cut-Off 
and Alarm Switch 


writ 


N 5545 


Write for Bulletin L-123 


McDONNELL & MILLER, INC. 


3503 N Spaulding Ave, Chicago 18, illinois 


M°DONNELL 
Boilen Water Lovel Coudrol 


yl 
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Catalogs and Bulletins continued 


(V-26) Marine Hoses and Fittings— 
Catalog 301, 54 pp. Contains data on 
flexible piping for marine applications 
including information on bend radii, 
pressure and vacuum, and fittings for 
use with fuel, lube oil and 
hydraulic fluid. Aeroquip Corp., 300 
S. East Ave., Jackson, Mich 


diesel 


(V-27) Hydraulic-Pneumatic Compo- 
nents—Bulletin 156, 52 pp. Contains 
diagrams and data on valves, brake 
equipment and special components. 
Aircraft Products Co., Bridgeport, Pa. 


(V-28) Precision Valves—Brochure, 
S-2021R, 4 pp. Contains data and 
diagrams on check, shuttle, relief and 
shut-off valves. Circle Seal Products 
Co., 2181 E. Foothill Blvd., Pasadena, 
Calif. 


(V-29) Motor Operated Shut Off 
Valve—Data sheet, 2 pp. Contains 
data on unit designed for high pres- 
sure control functions. Hydromatics 
Inc., Cedar Grove, N. J. 


(V-30) Flexible Metal Hose and Tub- 
ing—Catalog G-560, 64 pp. Contains 
diagrams and charts of tubing made 


of bronze, brass, steel, stainless steel, 
aluminum and Monel. American Brass 
Co., 666 S. Main St., Waterbury 20, 
Conn. 


(V-31) Fluid System Specialties— 
Catalog 4395, 4 pp. Contains data and 
diagrams on clips, coils, snubbers and 
gages. Parker Appliance Co., 17325 
Euclid Ave., Cleveland 12, Ohio 


(V-32) Lubricated Plug Valves—Cata- 
log, 28 pp. Contains data and dia- 
grams on 100 per cent pipe area, 
venturi, roundport, and diamond port 
valves in a variety of metals for 150 
lb steam working pressure, 200 Ib 
oil-water-gas, and ASA 150 and 300 
lb classes. Homestead Valve Mfg. Co., 
Coropolis, Pa. 


(V-33) Air and Hydraulic Cylinders— 
Bulletins (2) Contains data on units 
capable of 150 psi (air) and 2000 psi 
(oil). Ortman-Miller Machine Co., 
Inc., 15-143 St., Hammond, Ind 


(V-34) Cluster Fittings—Booklet, 44 
pp. Contains data on fitting dimen- 
sions, installation and assembly meth- 
ods. The Weatherhead Co., 300 E. 131 
St., Cleveland, Ohio 


write for NEW 


"J 


oF Wri mele 


of precision 
pneumatic 


PRESSURE 
REGULATORS 


The facts you need on a complete range of 
pneumatic pressure regulating valves and 
volume boosters. Here is your guide to a 
series of pilot-operated and direct acting 
regulators—in pipe sizes from % to % and 


% NPT...in supply pressures up to 250 psi 
Fact-filled pages spell out the full story: 
characteristics * pressure ranges, ratios * ap- 
plications— for 16 different models includ 
ing motor operated and lever set types 


Write today for the new KENDALL- 


GOVERNAIRE catalog. 


STRATOS 


INDUSTRIAL PRODUCTS BRANCH 
Route 109,West Babyion, N. Y. 
A DIVISION OF FAIRCHILD ENGINE & AIRPLANE CORPORATION 
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NEW 36 4-WAY VALVE 
RATED FOR 8 GPM FLOW 


requires less 
space 


requires les: 
current 


lower cost than 

vaives previously 

used 

Several inches shorter and still 
has more flow capacity than direct 
solenoid valves. It fills the void in 
solenoid operated valves between 
Y%” and %,” I.P.S. . . . virtually 
eliminating the need for direct so- 
ienoid valves of 44” and larger 
1.P.S. 

The same size solenoids as those 
on 4g” or 34” valves are used in 
this model, thus same solenoids 
can be placed throughout circuit 
where different sized valves are 
needed. By using smaller solenoids 
than direct solenoid valves, lower 
current is required making pos- 
sible savings in cost of electrical 
equipment. 

Surges in tank line will not af- 
fect valve operation. Speed of 
spool traverse can be controlled 
for smoother shifting. Valve can 
be externally piloted if desired. 

Drain line surges are eliminated 
by exclusive Double A solenoid 
seal drain. Double solenoid, no 


spring models come with detent. 


priced from $60.00 


COMPLETE LINE OF 
HYDRAULIC VALVES 7Pf louble Zs L 


PRODUCTS Co. 


Y 
MANCHESTER, MICHIGAN 


Write for catalog and specifica- 
tion sheets. 
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Doubles Production Capacity 
to Increase Availability 

of its Hydraulic Valves, . 
Cylinders and Special Controls 


eal 


Large new Husco plant addition, more than 
doubling our production capacity, reflects the 
increasing demand for Husco Products ...A 
demand based on today’s highest standards of 
engineering and performance. 


Primarily Engineered for. Construction and 
Materials Handling Equipment, HUSCO Hy- 
draulic Units are preferred for Their Space- 
Saving, Positive Operational Control and 
Cost-Saving Efficiency. 


HUSCO HYDRAULIC CONTROL VALVES 


Here is new engineered compact- 
ness in multiple-purpose valves 
that offer many advantages. Avail- 
able in a full range of sizes with 
capacities from 6 to 60 G.P.M., in 
single-acting, double-acting and 
float position operational control, 
with from one to four cast-on-bloc 
plunger arrangements. Designed 
with fine throttling control in op- 
erating positions, they provide 
built-in adjustable relief valves 
and built-in check valves in operating circuit, and assure prac- 
tically unrestricted flow through the valve. Available in either 
Series or Parallel circuits, with or without High Pressure Carry- 
over 


HUSCO ROTARY SWIVEL 


Low cost, highly efficient Rotary 
Swivel designed for both high pres- 
sure and high operating speeds, 
particularly in the brake and 
clutch field. Compact, for use in 
close quarters. Has spring-loaded 
Teflon rings, self-centering ball 
thrust bearing, highly efficient 
axial bearings. Size, only 3” x 144”. 


Check HUSCO first for modern hydraulic units, 


aD All HUSCO Standard Hydraulic Units can be 
tie custom-engineered to your specifications with 
speed and dependability. Write for details. 
HUSCO HYDRAULIC UNIT 
. SPECIALTIES CO. 


Hydraulic Pumps, Valves, Cylinders, Controls 
P.O Box 257-P AIRPORT ROAD, WAUKESHA, WIS. 
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HYDRAULIC HOSE ASSEMBLIES 
CAAINP® vowietre ree: 
Trouble-Free Power Delivery 
PREVENTS BLOW-OFFS—Sleeve locks to collar of stem! 
MAXIMUM HOLDING POWER—Stem ond sleeve serrated for 
positive grip and seal! 


HIGH VOLUME FLOW— Design provides greater flow efficiency! 
LONGER LIFE—A flexible and integral unit of unfailing reliability! 





WRITE FOR CATALOG 8001 

for details on Champ Hydraulic 
Hose Assemblies and Engineering 
Service to meet specific performance 
for ALL HYDRAULIC POWER DRIVEN 
EQUIPMENT. 





Request to have a Champ Engineer discuss 
your hydraulic coupling application 


Ch » DIVISION OF , +o 
GUND iiose'nccessonies comany 
LEHIGH AVE. AND 17th STREET + PHILADELPHIA 32, PA. 





NEW 
SOLENOID VALVE 
CATALOG 


Atkomatic’s completely 
new engineering guide 
---Catalog 200-A 


Automatic flow control 


—air, gas, steam, liquids Send for it! 


Solve YOUR flow control problems Atkomatic-ly 


Order from a complete line of two-way solenoid 

valves . . . fully illustrated and described in Atkomatic’s 
new engineering catalog. Contains flow charts, coil 
charts, dimensions, applications. For economical, 
trouble-free operation depend on Atkomatic. 


® Built to your specifications 
® Individually tested 

® Packless 

® Tight closing 

® Low maintenance 


Rugged, dependable 
Bronze or stainless steel 
Temperatures to 450 

High and low pressures 
Y%" to 3” full port pipe size 


SEND TODAY FOR CATALOG 200-A 


—SHikomali: VALVE CO., INC. 


DEPT. 1-F, 545 W. ABBOTT ST., INDIANAPOLIS, INDIANA 
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Rockwood Ball Valves 


e Full round pipe size flow ¢ Leakproof service 
¢ % turn opening and closing + No maintenance 


Air-Operated Ball Valves Male Thread Bronze Ball Valve 


For remote control use 





Controls valves in 
hazardous or hard-to-get-at 
places ... can be mounted 
in FOUR different positions around Full flow . . . with thread end, flanged end, union 
the Rockwood Ball Valve. ..several can end or combination of same available with this 
be controlled from one control board...available valve. Longer life . . . greater strength. Size 214” 
in a complete package unit from your distributor. only. 





7 moe 6” and 8” Cast Steel 3” and 4” Cast Steel 
all Valve Ball . Ball Valves 
— Valves 


New Rockwood Ball Valve for use 
with steam handles up to 125 
pounds of steam per square inch 
and 350 degrees F, with ease... Combines best features of plug cocks, gate and globe valves . . . made 
opens and closes quickly. Pipe of medium carbon cast steel that meets specifications for carbon steel 
sizes 4%” to 2”. pressure castings as embodied in ASTM. Also made in other materials. 





Write for complete data 


ROCKWOOD BALL VALVES to Rockwood Sprinkler 


Company, 2245 Harlow 
St., Worcester 5, Mass. 
Distributors in all prin- 
cipal industrial areas. 


FULL R FLOW gs 


Tested and listed by 
Underwriters’ Laboratories, Inc 
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U7TLy V-Band Couplings 
Seal Tight, Yet Speed Disconnection 


“We designed our gas regula- 
tors to use the Marman V-Band 
Coupling,” reports George 
Hughes, Chief Engineer, Rey- 
nolds Gas Regulator Company 
“It provides a leakproof seal, 
permits variable positioning 
and allows quick replacement 
of the diaphragm without re- 
placement of the plumbing.” 
Marman offers a wide range 
of V-band Couplings and 
Joints for varied product 
applications. 


FLEXMASTER PIPE COUPLING 


Eliminates threading of pipe 
on large piping systems. 
Minor misalignment problems 
are solved. The MARMAN 
Flexmaster Pipe Coupling is 
available in 2'2", and 3” 
standard pipe sizes for use in 
hot water systems of diesel 
locomotives, stationary engines 
and process piping systems or 
lube oil systems up to 260° F. 
Other sizes on special order. 


VENTIDUCT COUPLING SYSTEM 


Bolted flanges are eliminated 
on ventilating, heating and air 
conditioning ducting and bulk 
handling systems when the 
MARMAN Ventiduct Coupling 
System is used. No welding or 
riveting at sheet metal duct 
joints speeds installation time. 
In a large range of diameters. 


SERVICEMASTER V-BAND TUBE JOINT 


Designed for fast servicing of 
automotive, diesel truck and 
stationary engine exhaust sys- 
tems and heavy-duty plumb- 
ing systems for oil, chemical, 
water, fuel, gas and steam. 
Eliminates bolted flanges for 
fast assembly. Withstands 
pressures at 1900 psi. at 31/2" 
tube diameter. For 142" to 412" 
O.D. tubing or pipe. 


For applications involving HIGH and LOW temperatures and 
pressures, get the facts on the new MARMAN CONOSEAL JOINT 
with metallic gaskets. Write for full information on MARMAN 
Clamps, Couplings and Joints. 


DIVISION 
uipfCorporation 


11214 EXPOSITION BLVD., LOS ANGELES. CALIFORNIA 
IN CANADA: AEROQUIP (CANADA) LTD., TORONTO 10, ONTARIO 
Marman Products are Covered by U.S. and Foreign Patents and Other Patents Pending 


009909040990 002 000009990000 2 
eeeeeeeeeereeeee 


47-page catalog 
illustrating compiete 
line of 


AIR CYLINDERS, 
BEFORE AIR VALVES, 


NEXT AIR CLAMPS, 
TUESDAY DIAL FEED 


TABLES 


ALLENAIR 


The cylinder of “distinction” shown above 
is a Factory Reject. Only straight rods 
available. 

THE A. K. ALLEN CO. —ss 
| 255 East 2nd Street, Mineola, N. Y | 
| Name | 
| Company | 
| Address | 
| City Zone _ State | 

Jd 
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DESIGN 
RESEARCH 
DEVELOPMENT 


Product Engineering is 


the one professional publication 
that covers all three fields. 

Start your own subscription 
by filling in and mailing the coupon 
below .. . right now. 


Subscription Department 
Product Engineering 
McGraw-Hill Building 
New York 36, N. Y. 


Please start my subscription to Product Engineering at once 
U. S. Prices [) 1 year $5 C2 years $8 
Name Title 





Company 





Address 





City Zone 





State 





D 1057 
Check enclosed C) Bill me ) Bill compay 
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fhe Only Complete Line 


FOUNDED 1908 


WHEREVER PIPING CONNECTIONS MUST MOVE, look 
to BARCO for the ANSWER! Whatever your problem, Barco, 
invariably, can solve it BETTER, EASIER, and QUICKER 


&, cX 
2, uc 
“CTS Backen BY EXPE 


Flexible Ball, Swivel, 


with a tested and proven joint right out of the standard Barco 
line. This is because Barco builds a truly complete line of 


flexible ball, swivel, swing, and revolving joints — there is a 


Swing, and Revolving size and type for every purpose! Submit your problem; ask 


JOINTS 


for recommendations — Barco is at your service. 





High Speed 


ROTARY 
JOINTS 


for Clutches, Chucks and Machine Tools 


New 4" Type D. Used in making high speed, leakproof rotary 
connections for pneumatic, hydraulic, or coolant lines. Light run- 
ning, sealed double-row ball-bearing design handles both radial 
and end thrust load with low torque and minimum wear. Easy to 
install where space is limited. For speeds up to 10,000 RPM; 
pressures to 300 psi (air) or 3,000 psi (hydraulic). Other econom- 
ical styles available, including steam service. Sizes ¥2" to 3”. 





P Pla ne 


+ SWIVEL 
JOINTS 


for Hydraulic and 
Pneumatic Service 


Sizes %", %", 2", %" 
Unitized construction 


Size 1° and larger 


Here are new economical, light weight, ball bearing “single plane” 

swivel joints for use with piping or tubing. Also widely used as 

swivel connectors for hose to eliminate torsional working stresses 

and long radius bends. O-ring seal. Very low torque under pres- 

sure. Wide choice of styles for pressures to as high as 2,000 psi, 
20° to 225°F. Built to handle all hydraulic fluids 





Leakproof 


ROTARY 
JOINTS 


For Steam, Water, Oil, Air, Gas 


Barco’s new Type C rotary joints are unexcelled for general indus- 
trial use on textile, paper, rubber, chemical, or food processing 
machines. Sizes ¥2", %", 1", 1%", 2", 2%", and 3”. Single flow 
or syphon service. No lubrication required. Light running; seal self- 
adjusting for wear. For temperatures to as high os 450°—500°F 
Pressures to 200 psi (steam) or 400 psi (hydraulic). Long life with- 
ovt repairs or maintenance. Remarkably simple. 


for 3,000 to 4,000 P.S.1. Operating Pressure 
Aincraft Type SWIVEL JOINTS 


Only BARCO 
offers 
BOTH! 


-_- 
-“_- 


PLANE SWIVEL SELF- ALIGNING 
JOINT— SWIVEL JOINT— 

360” rotation in o 360 rotation pilus 

single fixed plane. 15° side flexibility 





Flexitle 
BALL JOINTS 


I for Angular Flexing and 
yi Swivel or Twisting Movement 


This is a versatile, general purpose design suitable for many 
applications. Standard the world over where low cost, leakproof, 
movable joints ore needed in piping handling steam, air, water, 
oil, gas, or chemicals. Widely used for “expansion joint” service 
in piping—no pressure thrust! Up to 40° side flexibility plus 360 
swivel action facilitates quick connection of piping, overcomes mis- 
alignment. Pressures to 4,500 psi; temperatures to 1,000 F. 12 
styles, sizes from Ya" to 12” 


i a © ee oe Oo: 


'BARCO MANUFACTURING CO. 
552 Hough Street, Barrington, Illinois 


| Gentlemen: 


| Please send me information about Barco 
Products checked at right: 





Self. Aligning 
SWIVEL JOINTS 


for Swivel Motion 


Specially designed for steam service and widely used in making 
compact, low torque connections to reciprocating or hinged parts 
on platen and tire presses, construction machinery, die casting 
machines, oil burners. Barco’s self-aligning feature provides side- 
flexibility (up to 10°) which speeds up installation and prevents 
binding. Easy to position piping accurately—no sagging, flopping 
lines. Leakproof, pressure safe. Ratings as high as 750 psi steam 
and 600°F., 3,000 psi (hydraulic). Sizes, ¥%"to 2"; angle or straight 


INFORMATION 


[_] PLANE SWIVEL JOINTS. Catalog 406A 
[_] SELF-ALIGNING SWIVEL JOINTS. Catalog 2658 
[_] AIRCRAFT SWIVEL JOINTS. Catalog 269A 


[_] HIGH SPEED ROTARY JOINTS. Catalog 308 





Name 


; Company 


I 
| Address 


7 
(C] TYPE C ROTARY JOINTS. Catalog 310 
[] FLEXIBLE BALL JOINTS. Catalog 2158 


[] BALL BEARING SWING JOINTS. Cotatog 400A 
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— Cup Flange 
Leather a Leather 


Send Us Specifications or Samples for Prices! 


EXCELSIOR LEATHER WASHER MFG. CO 


ROCKFORD TLLIMOIsS 


Gusher Coolant Pumps are designed so that they re- 
quire no packing, foot or relief valves. They consume 
less power when throttled and there is no metal-to- 
metal contact in the pump, insuring long life with 
minimum attention. 


RUGGED CONSTRUCTION 


All castings have been strengthened through time-tested 
operation. The one-piece shaft is precision ground, 
which rotates on heavy-duty precision ball-bearings. 


DEPENDABLE PERFORMANCE 


The entire rotating shaft is dynamically balanced to 
eliminate vibration and wear. Pre-lubricated ball- 
bearings with surplus grease pocket require no further 
attention. Your Gusher is always primed . . . ready to 
deliver coolant in a split second. 
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Catalogs and Bulletins continued 


(V-35) Packless Valves—Brochure, 22 
pp. Contains data on units for appli- 
cations involving hazardous liquids and 
gases, as well as uses in nuclear instal- 
lations. Robertshaw-Fulton Controls 
Co., Box 400, Knoxville 1, Tenn. 


(V-36) Air Release Valves—Bulletin 
856, 2 pp. Contains data on heavy 
duty valves for pressures up to 500 
lb. V. D. Anderson Co., 1935 W. 96 
St., Cleveland 2, Ohio 


(V-37) Gate and Needle Valves—Bul- 
letin DH 80, 12 pp. Contains data on 
forged steel units designed for the 
petrochemical, power and _ process 
industries. American Chain & Cable 
Co., Inc., Reading, Pa. 


(V-38) Hydraulic Dual Relief Valves 
Data sheets (2). Contains schematic 
drawings and information on units. 
Fluid Controls, Inc., 1284 North Cen- 
ter St.. Mentor, Ohio 


(V-39) Fluid Power Equipment—Bul- 
letin 400, 8 pp. Contains data on 
hydraulic pumps, control valves, and 
cylinders. New York Air Brake Co.., 
Kalamazoo, Mich. 


(V-40) Pneumatic Transmission System 
—Bulletin 750, 8 pp. Describes a 
form of pneumatic transmission which 
has been developed to provide a sen- 
sitive and accurate type of instrumen- 
tation. Simplex Valve & Meter Co., 
Lancaster, Pa. 


(V-41) Hydraulic Hose Fittings—Cat- 
alog 4433, 4 pp. Contains data on 
units ranging from 6 through 2 in. 
ID. Parker Appliance Co., 17325 
Euclid Ave., Cleveland 12, Ohio. 


(V-42) Liquid Filters—Bulletin, 16 pp. 
Contains data on metal filters for full- 
flow filtration of lubricating, hydraulic 
or fuel oils. Air-Maze Corp., 25000 
Miles Rd., Cleveland 28, Ohio. 


(V-43) Hydraulic Tube Fittings and 
Adapters—Bulletin 500, 12 pp. Con- 
tains diagrams and data on adapter 
unions, elbows, O-rings and locknuts. 
Eastman Mfg. Co., Manitowoc, Wis. 


(V-44) Gate, Globe and Angle Type 
Valves—Catalog F 9, 30 pp. Contains 
specifications, charts and diagrams on 
sizes % to 2 in. Henry Vogt Machine 
Co., Louisville, Ky. 
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USE TIME-SAVING 
COUPONS BELOW 


- - » to request further information on 


all products advertised in this Digest Section 


. + . to request your copies of product catalogs 
and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- 
ning on page 15, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manufacturers of 
this type of product. 


Circle these numbers for further information about 
advertisers appearing in this section (J) 


530-1 332-3 4334 335 5360 537 538 539 
340 «542 343 344 545 548 
3500 551 552 553-6 357 358 J59 560 
362 563 JL64 «=6JRG4 JLEG JBRGG6 J67 
JT70 «=3JB70 «6371 =—(572 JL74 8 JRT4 
JTR76 JBR76 377 JIL78 4379 JT80 


Circle these numbers for your copy of bulletins 
listed in this section (J) 


v2 v3 v4 
vil vi12 
v20 v21 
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NAME 
COMPANY 
BUSINESS ADDRESS 


CITY, STATE 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING’s Design Digest Issue, and page num- 
ber of the advertisement prompting your letter. 


Circle these numbers for further information about 
advertisers appearing in this section (J) 


530-1 332-3 4334 335 5360 537 538 4539 

341 542 344 « «345546 547 

3500 551 4352 553-6 357 558 559 560 

562 «563 JL64 JRG4 JLGG JTRGEG JBREG 367 J68 


369 -ST700 ss SB7O =CST1S572—s«S573 JL74 
JTR76 JBRIG 377 IL78 579 


JR74 375 
JT80 JBSO 


Circle these numbers for your copy of bulletins 
listed in this section (J) 


vi v2 v3 we 
v12 
v21 
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NAME 
COMPANY 
BUSINESS ADDRESS 


CITY, STATE 
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